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THE PREPARATION AND REACTIONS OF 3 ,3-DISUBSTITUTED 
THIETANES AND THEIR DERIVATIVES
by
MARIS BUZA
The purpose of this research was to investigate the 
stereochemical course of substitution reactions at the thietane 
ring sulfur atom. The use of the four-membered thietane ring 
in these reactions was also expected to yield data on pseudo­
rotation at the sulfur reaction center. In addition, this 
study was to provide further examples of reactions at the 
thietane sulfur atom and to extend the chemistry of this 
relatively unknown ring system.
An improved synthesis of 3,3-disubstituted thietanes 
was devised from the reaction of the dibenzenesulfonate esters 
of 2-disubstituted-l,3-diols with sodium sulfide nonahydrate 
in a dimethylsulfoxide medium. A number of new thietanes, 
which included representatives of the previously unknown 3- 
alky1-3-arylthietanes, were prepared in this manner: 3-methyl-
3-phenylthietane {]_) , 3 - (p-bromophenyl)-3-methylthietane (9J ,
3-phenyl-3-(2-propyl)-thietane (1_0) , 3-methyl-3-nitrothietane 
(12J , 2-thiaspiro [3 . 5]-non-6-ene (13^ ) , 2-thia-5-methylspiro- 
[3.5]nonane (1J3) , 2-thia-6-methylspiro [ 3 . 5 ] nonane (1_6) , and
xiv
2-thia-7-methylspiro f 3 . 5] nonane (1/7) . Monosubstituted 1,3- 
diol dibenzenesulfonates were converted to the corresponding 
thietanes by the same reaction in consistently lower yields. 
Other products identified in the preparation of 1_ were a- 
methylstyrene and 3-methy1-3-phenyloxetane; analogous products 
were formed in the preparation of Id), which was obtained only 
in low yield. Removal of the bulk of the water by distilla­
tion prior to the reaction showed that the oxetane formation 
was suppressed relative to reactions from which the water had 
not been removed, which ailowed the preparation of 1_0 in a 
similar yield to that of the other thietanes. The reaction 
was presumed to proceed by a series of SN 2 displacements on 
the dibenzenesulfonate esters.
Various derivatives (sulfones, N-tosylsulfilimines, 
sulfoxides, alkoxysulfonium salts and sulfoximines) were 
prepared from some of the thietanes and characterized. The 
spectra (ir and nmr) of new compounds synthesized during the 
course of this work are included in the thesis.
The sulfoxides of 1_ (40a and 40b) were prepared by 
the oxidation of 7 with hydrogen peroxide or with sodium hypo­
chlorite and the configurations were assigned to the separated 
isomers, 40a and 40b primarily from nmr data. These isomers 
were equilibrated with hydrochloric acid and a comparison of 
their equilibrium distribution vs the isomer distributions 
from the oxidations is available.
xv
The N-tosylsulfilimines (N-tosylsulfilimide has also 
been used as an alternate designation of this structure) of 
some of the thietanes and other sulfides were prepared by 
treating the substrate with anhydrous solutions of Chloramine- 
T in N , N-dimethy 1 formaioide . This new procedure gave nearly 
quantitative yields of these derivatives. Therefore, it is 
now possible to compare the isomer distributions of these 
derivatives in this reaction with the more widely studied 
oxidations of sulfides to the diastereomeric sulfoxide isomers 
on the same substrate.
The thermal equilibration of the N-tosylsulfilimines 
60a and 6O b , derived from the thietane 1_ was also studied 
and analysis of the data gave rate constants for the isomer­
ization rates of these two isomers and the equilibrium dis­
tribution of 60a and 60b. The equilibration-isomerization 
studies were complicated by a concurrent decomposition of 6 0a 
and 60b.
A quantitative study of the reaction of water and 
hydroxide with the O-methyl-sulfoxonium tetrafluoroborates 
(49a and 49b) derived from 7_, indicated the absence of pseudo­
rotation during the hydrolysis reaction in this system. Some 
discussion of the reasons for the absence of pseudorotation 
is offered in the thesis. Analysis of the data gave the 
relative rate constants for the reaction of water and hydroxide 
at the sulfur atom of the thietane ring and the carbon atom 
of the O-methyl group.
xvi
The N-tosylsulf ilimine isomers from 1_ (60a and 60b) 
and from 9^ (63a and 63b) were separated by chromatography and 
their configurations were assigned from nmr data. The novel 
discovery that 60a formed a very insoluble adduct with silver 
nitrate greatly facilitated the separation of this particular 
pair of diastereomers. A 1:1 adduct of S-ethyl-S-phenyl-N- 
(p-toluenesulfonyl)-sulfilimine ( 5 6 )  with silver nitrate was 
also prepared and characterized. The ir and nmr data were 
consistent with the coordination of the silver atom to the 
nitrogen of the sulfilimine. Other possible uses of these 
adducts are offered in the thesis.
xvii
INTRODUCTION
The purpose of this research was to investigate the 
stereochemical course of substitution reactions at the thie­
tane ring sulfur atom. The use of the four-membered thietane 
ring in these reactions was also expected to yield data on 
pseudorotation at the sulfur reaction center."'- Unexpected 
stereochemical results of suitably constituted tetracoordi- 
nate phosphorus compounds had implied that pseudorotation
2
did occur in the postulated pentacoordinate intermediates.
A test for pseudorotation at sulfur on 1_ was reported by
3
Tang and Mislow while the present work was m  progress.
In addition, this study was to provide further ex­
amples of reactions at the thietane sulfur atom and to extend
4






A, Rx = H; R 2 = CH3
B, R1 = CH3 ; R2 = H
2The system originally chosen for this study, 2^,
5
initially prepared by Backer and coworkers , was abandoned 
in favor of the 3-methyl-3-phenylthietane system (3) because 
the latter and its derivatives were expected to give readily 
interpretable nmr spectra, both as to the products of the 
reactions and also their relative amounts. However, a deriv­
ative of .3, for instance, the 1-oxide, would have two isomers, 
one with the oxygen of the tetrahedral sulfur atom trans to 
the phenyl group and the other with the oxygen atom cis to 
the phenyl group; these diastereomers would have different 
energies. A similar derivative of 2^ would be a mixture of 
axially chiral, "spirane" type R and S enantiomers^, both of 
equal energy, which would have to be resolved prior to their 
use in the reactions. It was felt that the inherent energy 
differences of the diastereomeric derivatives of 3_ would not 
introduce a great difference in their reactions.
3HISTORICAL
The first unequivocal synthesis of a thietane was 
accomplished in 1916 by the ring closure of 1,3-dibromopro- 
pane with sodium sulfide (eq. 1) to give an 11% yield of
Na2S + Br-CH2-CH2-CH -Br ------------------------- (1)
7
thietane. This reaction has been extended to become a 
general synthesis of thietanes since variously substituted
1,3-dihalopropanes, usually as the 1 , 3-dibromides, may be 
used with the sulfide or hydrosulfide anion as the nucleo­
phile. Typically, the yields range from 30% to 50% and this
reaction, along with other reactions for the preparation of
4
thietanes has been reviewed. A general method for the
preparation of the 1,3-dibromides is to treat the corres-
8
ponding 1,3-diols with phosphorus tribromide. Unfortunately, 
this reaction may proceed in very low yields and so, this 
step often adversely affects the overall yield of an other­
wise successful technique for the preparation of thietanes.
In fact, an alternate preparation of dibromides of this 
type consists in the treatment of the corresponding disul-
9
fonate esters, alkyl or aryl, with sodium bromide. There­
fore, it is not surprising to note that some preparations of 
this four-membered, sulfur-containing, ring system have 
proceeded directly from the disulfonate esters with sulfide
410
or hydrosulfide nucleophiles.
It may be assumed that the reaction proceeds by two 
S^2 displacements of the two covalently bound halogen atoms 
(sulfonate groups) by the very nucleophilic and bifunctional 
sulfide anion. A consequence of this mechanism is that each 
displacement proceeds with inversion of configuration at the 
carbon center involved. The data obtained from these reac­
tions support this mechanism and reflect the well-known 
limitations of the SN 2 reaction: a competing elimination
reaction and the lack of well-documented S 2 reactions atN
tertiary centers. However, 2,2,4,4-tetramethylthietan-3- 
one (£) has been prepared by essentially the same technique 

















sider the mechanism for this reaction to be the same as that 
considered previously, the resemblance between the reactions 
(eq. 1 and eq. 2) may be superficial and the ring closure of 
this dihaloketone probably proceeds through another mechan­
istic pathway.
Another general technique of thietane synthesis, 
discovered and elaborated by Searles and coworkers, also en-
5tails the use of 1,3-diols as the starting materials. These 
diols may be readily converted to the cyclic carbonate esters 
(1,3-dioxan-2-ones) by base-catalyzed ester interchange of 
the diol with ethyl carbonate. The 1,3-dioxan-2-ones, which 
need not be the pure cyclic esters but can also be the poly­
meric carbonate esters, are fused with a thiocyanate salt
(175° and higher) to give the corresponding thietanes (eq. 3),
12










+ C02 + O  OCN
felt that the primary advantages of this technique over 
that described for the ring closure of the dihalides were 
the greater yield of the carbonate ester and a certain con­
venience in the experimental details. In particular, the 
procedure appeared to be suited for the preparation of 3,3- 
disubstituted thietanes. Some typical yields of thietanes 
are given in Table I.
Table I. Preparation of Thietanes from 1,3-Dioxan-2-ones.






aThe data was obtained from reference 12b.
bThe identified products were a-ethylstyrene (20%) formaldehyde and carbon 
dioxide.
7The mechanism of this reaction was thought to proceed
by an initial nucleophilic attack (SN 2) of the thiocyanate 
anion on the a-carbon atom of the carbonate ester (eq. 4). 
The cyanate anion and carbon dioxide were identified as 
the other products of the reaction. The ring closure itself
was also thought to proceed by an SN 2 displacement of the 
mercaptide anion on the other a-carbon atom of the cyanate 
ester, by analogy with the similar reaction for the prepara-
2, 3-butylene glycol gave cis- 2 ,3-butylene episulfide in a 
31% yield which suggested an even number of Walden inversions 
in the reaction with net retention of configuration.
A recent and very elegant study by Paquette and co­
workers of the mechanism of this reaction to give 2-methyl-
14thietane confirmed the essential details of this reaction.
It may be seen that this reaction is very similar to that 
of the dihalides (disulfonates) with the sulfide anions 
because both involve S.,2 mechanisms in both the initial and
ring-closure steps.
A recent and mechanistically different, quite general 
route to thietanes has gained synthetic "popularity" in
(4)
tion of episulfides. 13 Thus, the carbonate ester of meso-
N
8recent years. It involves the 1,2-cycloaddition of sulfenes
to suitably activated double bonds such as those found in
15
enamines or ketene acetals. The sulfene is generated in 
situ from a sulfonyl chloride (in e q . 4 methanesulfonyl 
chloride is the sulfene precursor) and a base, usually tri- 











Over a period of several years, a sequence of reac­
tions was developed to adapt the synthesis of these specific 
aminothietane-1,1-dioxides into a rather general synthesis 
of the corresponding, nitrogen-free thietanes. This sequence 
consists of (1) the Hofmann elimination of the amino moiety
either through the base treatment of the derived ammonium
16 . 17
salts or by the pyrolysis of the derived N-oxides ;
(2) the catalytic reduction of the resulting substituted
18thiete to the substituted thietane— 1,1-dioxide and, (3)
the lithium aluminum hydride reduction of the dioxide to
19
the parent thietane. The inversion of Steps 2 and 3 of 
the above sequence usually results in the ring opening of 
the thiete ring; modification of the reaction sequence by 
the reduction of the initial aminothietane-1,1-dioxide, 
followed by the elimination on the aminothietane has
9provided an entry into the previously unknown thiete system.
Thus, optically resolved was converted by the above
sequence (Steps 1 through 3) into the optically active 2-
14methy1thietane.
Although interest in this particular four-membered
ring system has been primarily of an academic nature, various
21
thietanes have been identified as constituents of petroleum
and acid-catalyzed polymerizations of thietanes have been
studied because of the industrial importance of polysulfide 
22
polymers.
The chemistry of the thietane ring with respect,
primarily, to the reactions at the sulfur atom has been
found to be similar, in most respects, to the chemistry of
the acyclic sulfides. This is not surprising inasmuch as
the sulfur atom of this ring can be regarded as an aliphatic
sulfide or, perhaps, a benzylic sulfide from a consideration
of the adjacent substituents (a thietane ring with the sulfur
atom attached to an aromatic ring would imply a fused-ring
system in which the four-membered ring would be derived from
the unsaturated thiete). The thietane ring is less strained
23
than the next lower cyclic sulfide, thiirane , the first 
member of the cyclic monosulfides, and it does not have most 
of the special reactivity associated with episulfides (thi- 
iranes) and their derivatives. Some possible differences 
from the acyclic aliphatic sulfides may be the acid-catalyzed 
ring opening, the easy reduction of the thietane sulfones 
to the parent sulfides with lithium aluminum hydride (also 
true for the thiolane derivatives but not for thiane or
10
19acyclic sulfones ), and the reactions of various deriva-
24
tives of this ring system with bases. The conformation-
ally mobile thietane ring is strongly folded and evidence
for the common derivatives (sulfoxides, sulfilimines),
discussed at greater length in the body of the thesis, also
25indicates a conformationally mobile, strongly folded ring.
The fact that sulfoxides, sulfilimines, sulfones and 
other similar derivatives of sulfides violate the Lewis 
octet rule has caused considerable controversy about the 
nature of bonding in these derivatives. This situation has 
still not been resolved although some theoretical specula­
tions have been advanced to account for this phenomenon in
2 6these "hypervalent compounds". These concepts have been
incorporated into current work in the chemistry of sulfuranes
27
to account for their structures. Another, older, approach
visualizes the promotion of the "extra" electrons into the
unoccupied d orbitals of sulfur which then participate in a
p-d i t  bond with the ligand. Some current data consistent
28
with this bonding situation have been reported.
The study of ligand exchange around a central penta-
coordinate phosphorus atom has become an active and an
already, rather well-defined area of research since its
29
inception by Berry. The experimental evidence for its
occurrence has come primarily from attempts at explaining
(1) the differences in the reactivity of various tetra-
coordinate phosphorus compounds for which pentacoordinate
la
intermediates may be postulated , (2) the differences in
11
the low- and high-temperature nmr spectra of various phos- 
p h o r a n e s ^  and, (3) the different stereochemical results 
between the reactions of P-alkoxyphosphetanium salts (de­
rived from a four-membered, phosphorus containing, ring
3
system) and the analogous acyclic P-alkoxyphosphonium salts.
Experimental evidence indicates that the ligands are
located at the vertices of a trigonal bipyramid in the case 
31
of phosphorus , although other geometrical structures, e.g. 
square pyramid, might describe the ligand organization in 
other systems. A necessary consequence of the trigonal- 
bipyramidal arrangement is that two ligands occupy geometri­
cally equivalent positions, also called the apical (axial) 
positions (a), while the other 3 positions, called equatorial 
(e), are in a mutually equivalent environment which, however, 
is different from that of the apical ligands. The stereo- 
mutation or positional interchange of ligands between the a 
and e positions, also designated as "pseudorotation", implies 
the intramolecular exchange of ligands between the different 
sites without bond breaking. At least two distinct mechan­
isms have been proposed for this process from a detailed and 
generalized mathematical analysis of the consequences of 
ligand site-exchange sequences. The mechanism advanced by 
Muetterties (polytopal ligand exchange) proposed a number of
different cases, one of which is the original Berry pseudo-
32
rotation mechanism (BPR). The other mechanism, derived by 
Ugi, Ramirez, and coworkers, entails a rotational motion of 
ligands about the central atom and it has been designated
12
33
as the "turnstile mechanism" (TR). Current workers in 
this area of phosphorus chemistry have tried to distinguish 
between these possible stereomutation mechanisms and to 
identify the mechanism which best describes the experimental
i*. 31'34results.
In contrast with the rich field of study available
with the phosphorus compounds, there have been no published
reports of pseudorotation in sulfur compounds, and experiments
designed to uncover a pseudorotating sulfur species have
yielded negative results. Tang and Mislow hydrolyzed S-
alkoxythietanium salts, which are formally analogous to the
P-alkoxyphosphetanium salts mentioned above, to obtain sul-
3
foxides with inverted configuration. The constraints of 
the four-membered ring on the presumed trigonal-bipyramidal 
intermediate, in which the nonbonding electron pair may be 
considered to be the fifth ligand, should have given sul­
foxides of retained configuration if pseudorotation was
2
operative at the sulfur atom. More recently, Denney and 
coworkers have synthesized S , S-difluoro-3-methylthietane, a 





6 with apical fluorines; no evidence for pseudorotation was 
35
found. This result is even more surprising because the 
ring apparently spans the ee positions of this trigonal bi­
pyramid. The apical fluorine atoms would be expected in 
acyclic sulfuranes, but a central assumption in the case of 
phosphorus has been the difficulty of the ring to span the 
ee positions. Therefore, different stereochemical results 
should be and were observed between the acyclic and the four- 
membered phosphorus species. Some further discussion for 
the reasons behind the lack of pseudorotation in the thietane 
ring system is contained in the body of this thesis.
Cram and coworkers have conducted extensive studies 
of stereochemical reaction cycles involving sulfur compounds. 
Unlike the configurational interrelations in carbon compounds, 
where usually three ligands are common to all of the reac­
tions in a given stereochemical cycle (this type of a cycle 
has been called a triligostatic cycle by the above workers), 
sulfur compounds may show a greater complexity because fewer 
than three ligands may be common to all of the compounds of 
the cycle. A general analysis of the situation, applicable 
also to systems other than sulfur-containing compounds, has 
been published by Cram and coworkers. It includes defini­
tions, nomenclature, notation and techniques for the exhaus-
36
tive classification of stereochemical reaction cycles.
Subsequently, these concepts were demonstrated in the con-
37
figurational interrelation of acyclic sulfur derivatives ,
14
3 8cyclic derivatives (2 ,3-dihydrobenzo[b]thiophene) , and in
3 9more complex reaction cycles. The application of the 
general analysis, together with the notation and the nomen­
clature, results in a descriptive simplification of the cycle; 
and, conversely, the specific stereochemical cycles can be 
generalized to a more symbolic representation which, then, 
can be subjected to formal transformations (general analysis).
These publications by Cram and coworkers contain a 
vast amount of experimental material, many new reactions and 
transformations and, together with the cited references, may 
be regarded as a rather thorough review of the stereochemistry 
of the reactions of sulfur compounds and an extensive, if not 
complete, illustration of the various known and possible
reactions at sulfur. The recent publications by Johnson and
4 0coworkers should also be added to the above studies.
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RESULTS AND DISCUSSION
The aim of our work, already noted in the Introduc­
tion , was to study some reactions with derivatives of the 
thietane ring system. In particular, it was desirable to use 
3,3-disubstituted thietanes, whose derivatives would not have 
a [3-hydrogen atom since its presence in heteroatom systems 
may often lead to complicating elimination reactions. The 
presence of the 3-hydrogen atom was also expected to intro­
duce complications in the qualitative and quantitative inter­
pretation of the stereochemical results of these reactions 
by nmr spectroscopy. This analytical method promised to be 
well suited for the analysis of the product mixtures and for 
the relative configurational assignments in the various thi­
etane derivatives. Therefore, an effective procedure for 
the synthesis of these starting materials was necessary, and 
studies directed to this end eventually led to an improved 
general technique for the synthesis of a series containing 
this ring system, especially suited for the synthesis of the
3.3-disubstituted thietanes.
The synthesis of thietanes from 1,3-diols may be out­
lined in general terms (eq. 6 ) where it is understood that
1.3-diol Intermediate ^  L> Thietane (6 )
each of the components of eq. 6 are isolable compounds.
Several previously reported preparations of thietanes all
16
fit in this particular scheme: (1) ring closures of 1,3-
dihalo intermediates with the sulfide (hydrosulfide) anion, 
usually in alcoholic media, (2) ring closures of 1,3-disul- 
fonate esters under conditions similar to those used for the
1,3-dihalides and (3) the carbonate ester-thiocyanate fusions
4
developed by Searles and coworkers. Clearly, the accessibil­
ity to the 1,3-diol limits this particular synthetic scheme.
Our choice of the above general synthetic sequence (eq. 6 ) 
for the preparation of the thietanes used in this work resulted 
from a recognition that several practical syntheses for var­
iously substituted 1,3-diols were available and that these 
could then be converted, rather directly, into the corres­
pondingly substituted thietanes.
A modified synthetic procedure was devised from a 
consideration of the above data in which the sulfide (hydro­
sulfide) anion would attack the intermediate 1 ,3-dialkylsul- 
fonate or 1,3-diarylsulfonate esters of the 1,3-diols in a 
dimethyl sulfoxide (DMSO) medium. Experimental evaluation of 
this particular approach to thietane synthesis soon showed 
that, in fact, an improved thietane synthesis had been 
achieved. Not only were the overall yields improved, but 
also, it was possible to prepare 3-alkyl-3-arylthietanes.
To our knowledge, these latter compounds have not been pre­
pared previously and no thietane of this type could be 
isolated by Searles and coworkers in their attempt to prepare 
3-ethyl-3-phenylthietane by the carbonate ester-thiocyanate 
fusion technique.
17
These synthetic modifications overcome some of the
objections to the previously mentioned syntheses. Thus, the
yield of the intermediate may be practically quantitative
(Step I of eq. 6 ) and the ring closure (Step II of eq. 6 ) is
conducted under mild conditions in the dipolar aprotic solvent
DMSO rather than in an alcoholic medium. Dimethyl sulfoxide
is known to increase the effectiveness of the anion in
41nucleophilic displacement reactions and this effect of 
DMSO has been widely used, although it does not seem to have
been used to a great extent with the sulfide or hydrosulfide
4 2 •anions. Thietanes have not been prepared m  this medium
prior to our own work but our data indicate that the yield 
of the thietane is increased when the reaction is carried out 
in DMSO when compared to the thietane yields from the same 
substrates in other solvents. Some comparison of the various 
techniques is possible and is given in Table II. It should 
be noted that the technique developed by Searles and co­
workers would probably not be suitable for synthesis of 
thietanes from heat-labile compounds and that certain func­
tional groups or substituents might react with the nucleo­
philic and reducing thiocyanate anion.
Table III lists the thietanes prepared by us with
the use of the modified synthetic procedure. The experimen-
4 3tal details of this procedure have already been published. 
However, the article contains an uncorrected error in that 
it states that the dibenzoate ester was used in the synthe­
sis rather than the actually used dibenzenesulfonate ester.
Table II. Comparison of Thietane Syntheses.
Yield of thietane based 
Yield of on on
Technique_________________1, 3-diol_________________intermediate________ intermediate_______ 1, 3-diol















































These yields have been adjusted by the glpc integration data of the distilled products; 
the thietane from IV was 99% pure, from VI it was 94% pure as shown by glpc.
Table III. Preparation of Thietanes from Dibenzenesulfonate Esters.
Thietane
(structure number)










c a . 2
New cpd.
3-Phenylthietane (8 ) 27
(34 based on 
dibenzenesulfonate)
c a . 2
3 - (p-Bromophenyl)-3- 
methylthietane (9)
66 c a . 3 New cpd.
3-Phenyl-3-(2-propyl)- 
thietane (10)
2 2b 'C 1.0 New cpd.
2-Methylthietane (11) 16
(18 based on crude 
dibenzenesulfonate) 1.0
3-Methyl-3-nitrothietane (12) 41
(42 based on 
dibenzenesulfonate)
c a . 2 New cpd.
2-Thiaspiro[3.5]non-6-ene (13) 67 7 New cpd.
2-Thiaspiro[3.5]nonane (14) 75 2
2-Thia-5-methylspiro- 
[3.5]nonane (15)










64 14 New cpd.
2-Thia-7-methylspiro- 
[3.5]nonane (17)
49 49 New cpd.
aThe yields were adjusted by the glpc integration values of the distilled thietanes (see 
Experimental); all thietanes except 3-phenyl-3-(2-propyl)-thietane were >90% purity as 
judged by glpc.
u
Estimated from nmr data: ^50% of thietane in the distillate.
cThis thietane was prepared in 58% yield by a modified procedure; see Experimental, 
Preparation 2 of 10.
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Our preparation of the various thietanes was per­
formed by stirring the 1 ,3-dibenzenesulfonate esters with 
sodium sulfide nonahydrate in DMSO at temperatures below 
100°. Some of the reactions proceeded exothermically where­
as others needed prolonged heating on the steam bath at about 
95°C to complete the reaction; this fact may also account 
for the somewhat lower yields of thietanes obtained from the 
latter reactions. The isolation of the products was usually 
accomplished by the extraction of the nonpolar thietanes 
into n-pentane from the water-diluted reaction mixtures. 
Distillation of the concentrated n-pentane extracts then 
gave the various thietanes in a high state of purity. Re­
action of the 1,3-dibenzenesulfonate esters of some 1,3- 
diols with DMSO solutions of sodium sulfide, from which most 
of the water had been removed by distillation, gave a dramatic 
increase (Table III) in the yield of 3-phenyl-3-(2-propyl)- 
thietane (1)0) when compared to the untreated nonahydrate 
reaction yields, but it did not seem to affect the yield of 
3-methy 1-3-phenylthietane (7_) • Apparently, the yield of 1_0 
was increased at the expense of the corresponding oxetane, 
the formation of which was considerable in the reactions 
with the sodium sulfide nonahydrate.
Other compounds produced in the reaction and ident­
ified by their spectral data were a-methylstyrene and 3- 
methyl-3-phenyloxetane in the reaction to form 7, and a -  
isopropylstyrene and 3-phenyl-3-(2-propyl)-oxetane in the 
reaction to form 10. The other distilled thietanes (without
22
an aromatic substituent), especially those whose production 
required long reaction times, showed up to 5% of an impurity 
by glpc analysis, this probably corresponding to the oxetane. 
Water- and n-pentane-insoluble gums were also noted in the 
workup of these reactions and nonvolatile but n-pentane- 
soluble products were also present; those probably were 
polymeric by-products. It should be noted that Searles and 
his group also observed oxetane formation and fragmentation 
to olefins in the carbonate ester fusions.
The previously known thietanes, 2-methylthietane 
(1_1), 3-phenylthietane (8 ) and 2-thiaspiro [ 3 . 5 ] nonane (14 ) 
were identified by a comparison of the physical and spectral 
data for these compounds and their derivatives with previously 
published values. That the other compounds were also thi­
etanes could be inferred from their method of preparation 
(the same as for the known compounds), their nmr spectra, 
and their infrared spectra, especially the presence of a 
band at v = 1175 cm ^ , apparently characteristic of the 
thietane ring."*"^ In addition, the bicyclothietane 1_3 was 
synthesized independently, as shown below (Scheme I). The 
derivatives used to characterize the new thietanes by ele­
mental analysis were the sulfones, which are discussed in 
more detail later in the thesis.
It is felt that the mechanism of this reaction is a 
two-step nucleophilic displacement of the two sulfonate
groups of the SN 2 type (Scheme II). The sulfide dianion is
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(eq. 7); and as a first approximation, the same process
S® + H20 ---------==» HS® + HO® (7)
takes place in DMSO, especially since the sodium sulfide 
nonahydrate introduces nine moles of water per one mole of 
the sulfide dianion. The fact that the reaction is a 
practical synthesis of thietanes only testifies to the ex­
tremely nucleophilic nature of sulfide type anions. A 
factor which may suppress the oxetane formation would be the 
equilibrium (eq. 8 ) expected to lie almost entirely to the 
left side of the equation. This intermediate monobenzene- 
sulfonate 24, derived from the competing attack of the
24 25
BZs = benzenesulfonyl-
hydroxide anion of the disulfonate ester, would be prone to 
intermolecular destruction either to regenerate the starting 
diol, the analogous mercapto alcohol, or to become incorpor­
ated into the polymeric products. A reduction of the concen­
tration of 2_4_ would also reduce the concentration of 2_5, the 
presumed oxetane precursor. An attractive hypothesis to the 
origin of the other identified by-products, namely the a-alkyl
26
styrenes, is that intermediates of the type 2_2 or 255 eliminate 
the neutral thioformaldehyde or formaldehyde molecule and the 
benzenesulfonate anion, either by a concerted or a stepwise 
process.
A surprising observation was that the hot DMSO solu 
tion did not rapidly degrade the starting sulfonate esters, 
the sulfide or the hydrosulfide anions, or the product thi­
etanes, since DMSO is known to be a strong oxidizing agent
45and may also react with alkylating agents. The reactions 
with longer reaction times did show a lowered yield but this 
may have arisen from the effect of the competing reactions 
on the slow ring-closure reaction.
Dibenzenesulfonates were used as the intermediates in 
the synthesis but it is felt that any dialkyl or diarylsul- 
fonates would have served equally well. Dibenzenesulfonates 
were chosen because of the ease of dispensing the liquid
benzenesulfonyl chloride, and their synthesis was by standard
4 f i
methods. These derivatives were found to be high-melting, 
easily recrystallizable solids; and their infrared and nmr 
spectra were entirely consistent with their structures; the 
unknown dibenzenesulfonates were characterized by elemental 
analysis (a total of eight compounds).
Because of the relatively easy synthesis of the thi­
etanes, a major part of the work was actually devoted to the 
synthesis of the 1,3-diols. To this end, two general syn­
theses were used: (1 ) the reduction of malonic esters with
lithium aluminum hydride and (2) the Tollens condensation
27
of an aldehyde or another active methylene compound with 
47formaldehyde.
The malonate reductions gave the diols directly, but 
only the reduction of diethyl methylphenylmalonate proceeded 
without any difficulties. The reduction of diethyl phenyl- 
malonate gave the 2-phenylpropane-l,3-diol in only moderate 
yield (41%). This result was attributed to substantial 
carbanion formation from the malonate ester during the re­
duction, which then would resist further reduction.
The Tollens condensation required aldehydes which
were synthesized from the ketones through the Darzens gly-
4 8cidic ester sequence. The glycidic ester condensation 
with sodium isopropoxide in isopropyl alcohol was found to 
give consistently higher yields than published values of 
the glycidic esters in the cases where comparison was possi­
ble and, therefore, most of the condensation were performed 
with this reagent rather than the usual sodium ethoxide. 
Extensive transesterification was observed with the reactions 
in isopropylalcohol, and most of the intermediates in these 
sequences were not fully characterized because of the glycidic 
esters were very complex mixtures of different alkyl esters 
of several stereoisomeric glycidic acids. Nmr spectra, when
taken, were consistent with the glycidic ester structure and
4 9showed relatively high-field oxirane protons. The infrared 
spectra showed the characteristic split carbonyl absorption. 
The free alkane glycidic acids did not decarboxylate very 
readily (this can be contrasted with the ready decarboxyla-
28
tion of the proper aryl glycidic acids to give hydratropalde- 
51hyde ) and, therefore, codistillation with pyridine, followed 
by extraction into n-pentane, was found to give the best 
crude yields of the aldehydes. Usually, these crude, 
aldehyde-containing liquids (after removal of the solvent) 
were used as such in the Tollens condensation. This reaction 
was, at times, very disappointing in that often very low 
yields of the diols were achieved and it also showed variable 
yields from purified aldehydes. Possibly, the quality of 
the aqueous formaldehyde solutions is an important factor in 
this reaction.
Although most of the 1,3-diols have already been 
reported in the literature, two new diols were prepared and 
characterized in the course of this work. One of them, 2- 
phenyl-2-(2-propyl)-propane-1, 3-diol (2_6) was obtained from 
the reduction of the corresponding malonic ester. The other,
2 - (p-bromophenyl)-2-methylpropane-l,3-diol (27J was obtained 
from the Tollens condensation with the corresponding aldehyde.
The liquid thietanes were poorly suited for analysis 
on the available equipment because of their liquid and vola­
tile nature. Therefore, with the exception of 3-methyl-3- 
phenylthietane which was analyzed by a commercial firm, the 
thietanes were oxidized to the crystalline sulfones, which 
were then characterized by elemental analysis.
The oxidation of sulfides with peroxy compounds such
as hydrogen peroxide, tert-butylhydroperoxide, or perbenzoic
52acid is a well-known reaction which gives the corresponding
29
sulfoxides as the initial products. Subsequent reaction of
the sulfoxides with these oxidizing agents yields sulfones,
but this reaction is usually much slower than the primary
formation of the sulfoxides. The sulfone formation may be
53suppressed either by the choice of the oxidizing agent or 
by the manipulation of the reaction conditions with the 
relative amounts of the reagents, the contact times of the 
reactants and the reaction temperatures. With proper condi­
tions, the oxidations become a practical route for the 
synthesis of sulfoxides, the second step to form the sul­
fones often requiring heat and an excess of the oxidant.
Therefore, the preparation of the various thietane 
sulfones was generally accomplished by the rapid and very 
convenient permanganate oxidations of the corresponding 
sulfides. Oxidations with this reagent are not a good 
preparative technique for most sulfoxides; predominant over­
oxidation seems to be characteristic of the reaction in
which the sulfoxide is oxidized more rapidly than the sul-
54 •fide. The complex mechanisms of permanganate oxidations
are not fully understood at this time, partly because of the
uncertainty as to which of the several manganese oxidation
states participate in the reaction under study and also
because the manganese species undergo internal redox reac-
55tions. Autocatalysis of reactions may be observed , and 
the oxidations may contain mechanistic steps which involve 
single electron transfers since the redox reactions among 
the manganese species require one electron transfers. Per-
30
manganate oxidations are known to be remarkably catalyzed
5 6by the silver (I) ion while the silver species, on the other 
hand, is known to be an effective single electron transfer
57agent through its very active silver (II) oxidation state.
Quite possibly, cation radical intermediates such as 28^  and
29 play a role in the silver catalyzed oxidations and they
5 8may also participate in the noncatalyzed reaction.
s / SC + T >
R 2 R 2
28 29
In the case of 3-methyl-3-phenylthietane (1 ) the 
reaction with sodium permanganate gave the corresponding 
sulfone 31 in good yield (eq. 9). The reverse reaction,
7 31 (9)
that is, the preparation of the starting sulfide from the
sulfone was accomplished by the reduction of the sulfone 3j0
19with lithium aluminum hydride m  71% yield.
31
The reaction was exothermic and these transformations 
confirmed, independently from spectral data, that the thietane 
ring had retained its integrity throughout this particular 
reaction cycle. This point was important because the sul­
fones were the derivatives which were submitted for analysis 
in order to characterize the thietanes themselves. The 
yields and melting points of the prepared sulfones are 
summarized in Table IV. The sulfones belonged to two basic 
structural types, the 3,3-disubstituted thietane (compounds 
30-34) and the 2-thiaspiro[3.5]nonane systems (compounds 
35-38); the designations of each sulfone are listed below.
30 R1 = H; R 0 = phenyl 11 R = H_L 2
31 Ri = methyl; R2 = phenyl 11
R = 5-methyl
11 Ri = methyl; R2 = p-bromo-phenyl
12 R = 6-methyl
11 Ri = methyl; R2 ^
nitro; 
<n o 2 )
11 R = 7-methyl
11 Ri = 2-propyl;
= phenyl
It was felt that it would be impossible to prepare 
the sulfone 3j? of 2-thiaspiro [ 3. 5] non-6-ene (13^ ) by oxida­
tion of the sulfide with permanganate since double bonds are





Yield %a mp °C (lit. mp)k









aThe yield represents recrystallized material.
^Materials without literature mp are new compounds; all 




39 was prepared by the oxidation of 1J3_ with hydrogen peroxide 
in acetic acid. Although some reaction with the double bond 
was anticipated, it did not prove to be exclusive and a 23% 
yield of the pure sulfone (mp 109-111°C) was finally obtained 
after several crystallizations.
Extensive studies of the stereochemical course of 
oxidations as a function of the oxidant were initiated by 
Johnson and McCants on cyclic sulfides which could yield di- 
astereomeric sulfoxide products.^ The initial study was in 
the 4-substituted thiane system, but subsequently the oxida­
tion studies were extended to 2-m e t h y l t h i o l a n e ^ , 2-thia-
6 2bicyclo[2.2.1]heptane , and the 3-monosubstituted thietane 
17system by Johnson and coworkers. A notable feature of 
these studies was the finding that the peroxy oxidants (with 
the possible exception of ozone) usually gave similar product 
distributions over a wide range of reaction conditions. A 
consideration of the mechnaism of these oxidations led these 
authors to conclude that the product distribution of the 
oxidations with peroxy reagents was determined by steric 
approach control. Current studies of the mechanism of the 
reaction of sulfides with tert-buty1hydroperoxide or with 
hydrogen p e r o x i d e ^  and with perbenzoic a c i d ^  provide addi­
tional support for the importance of steric approach control 
in these oxidations. The reaction mechanism involves the 
nucleophilic attack of the sulfide sulfur atom on the elec- 
trophilic oxygen atom of the peroxy species. The reactions 
typically display a low enthalpy of activation (Ah1) and a
•j*
large negative entropy of activation (AS ) which suggests a 
highly ordered transition state for the reaction. In the 
case of hydrogen peroxide or tert-butylhydroperoxide the 
transition state complex with the sulfide also includes a 
protic solvent molecule; in aprotic solvents, another hydrogen 
peroxide or hydroperoxide molecule takes the place of the 
solvent. In this manner, charge separation may be avoided 
in the sulfoxide formation by concurrent and rapid proton 
transfers. In the case of peracids, intramolecular proton 
transfer usually avoids charge separation but the intramolec­
ular hydrogen bond of the peracid may be broken by protonic 
solvents, in which case, the transition state would again 
include a solvent molecule as above. The formation of a 
transition state geometry of this type should therefore be 
very susceptible to the steric constraints in the sulfide 
molecule. Thus, it is surprising that the product distri­
bution is so similar for the different peroxy oxidants.
The oxidation of 3-methyl-3-phenylthietane (1_) in 
acetic acid with a slight excess of hydrogen peroxide gave a 
mixture of 3-methyl-3-phenylthietane-l-oxide isomers (4O a ,
40b) of which 40a comprised 34% and isomer 4Ob comprised 66% 
(eq. 10); no starting material or sulfone was found in the 
product. This crude sulfoxide mixture could be distilled in 
vacuo with a bath temperature of 170-180°C without any change 
in the composition of the distillate. Obtained in 87% yield 
after distillation, the mixed sulfoxides set up to a partially 













40a (mp 88-89°C) in the pure form. Pure isomer 40b was 
obtained as a thick liquid by a rather tedious column chrom­
atography over alumina or silica gel. Both of these adsorb­
ents gave 40b as the first eluate, and this observation was 
also consistent with the migration rates of these sulfoxide 
isomers on silica-gel-coated, thin-layer chromatography 
plates.
Similar oxidation of 3_ gave 3 - (p-bromophenyl)-3- 
methyl-l-oxide isomers (41a, 41b) with a 35%:65% distribution 
of 41a:41b. Isomer 41a (mp 79-80°), configurationally 
analogous to 40 a , was characterized after its isolation by 
chromatography from the isomer mixture. The sulfoxide of 
17, 2-thia-7-methylspiro [ 3 . 5 ] nonane-2-oxide (4_2), was also 
prepared and characterized.
36
The configuration and also the predominant confor­
mation of the sulfoxide isomers could be immediately deduced 
from their nmr spectra, in particular, from the resonances 
of the four thietane ring hydrogens. These four hydrogens 
would be expected to form an AA'BB' type spin system, whose 
spectra are characterized by two identical multiplets, disposed 
symmetrically about a common center; one half of the spectrum 
being a mirror image of the other half with respect to their 
c e n t e r . ^  Each of these multiplets corresponds to the ab­
sorptions of two protons, which belong either to the AA' or 
the B B ' group of chemically equivalent but magnetically non­
equivalent hydrogens. In general, this type of spin system 
is difficult to analyze completely, even when the half­
spectrum shows all of the twelve observable resonance lines 
(14 lines are predicted but 2 have a very low intensity). ^
The spectrum of the a-methylene region of sulfoxide 
4Oa showed two symmetrical and very sharp multiplets, each 
of which contained only eight resolved resonance lines. The 
other sulfoxide 4Ob also showed two multiplets with a common 
center. However, the high-field multiplet was broadened and 
the resonance lines overlapped, whereas the low-field half­
spectrum showed very sharp resonance lines whose appearance 
resembled very closely the half-spectrum of 40a. A broaden­
ing of the AA'BB' half-spectrum of 3,3-dimethylthietane-l- 
oxide has been demonstrated to be due to the long range
coupling of two ring protons with the protons of one of the 
6 7methyl groups. Enhancement of long-range coupling is
37
known to occur when the four saturated bonds between the 
protons are arranged in a coplanar, "W" shaped configuration. 
The sulfoxide 4Ob also showed a broadened methyl absorption 
when compared to the methyl resonance of 4Oa. Under favor­
able nmr conditions the methyl resonance of 4Ob could be 
resolved into a closely spaced triplet with a separation of 
0.9 Hz (see Appendix C). Decoupling experiments confirmed
the suggested interaction. Since this "W" arrangement is 
only possible between the pseudo-axial protons of the folded 
thietane ring and the protons of the axial methyl group, it 
follows that 40a and 4Ob nave the configurations shown below 
with solution conformations in which the S=0 bond has an 
equatorial disposition in both of the isomers. The dynam­
ically averaged ring folding angles are expected to be 
different for the sulfoxide isomers in solution and the above 
representations are not meant to imply the same angles for 
both isomers. However, the considerations of this section 
imply that the predominant solution conformers of both isomers 
are the ones where the oxygen atom and the 3-substituent cis 







A very recent report of the X-ray crystal structures 
of cis- and trans-3-(p-bromopheny1)-thietane-l-oxides shows 
that both isomers have an equatorial sulfinyl oxygen with a 
32° ring-folding a n g l e . ^  Interpretation of the nmr data 
for these compounds, however, led to the conclusion that the 
trans isomer exists in solution as a 50:50 mixture of the 
conformer with an axial sulfinyl oxygen and the conformer 
with an equatorial oxygen atom.
In contrast, the nmr data for 4 0a and 4Ob are con­
sistent with the solution conformations (shown above) in 
which the conformer with an equatorial sulfinyl oxygen is 
very greatly favored. The extreme sharpness of both half­
spectra of the ring protons of 4 0a supports this conclusion 
as well as the observation that the parent thietane 7_ and 
the derived sulfone 3^ both have one half of the ring proton 
spectrum somewhat broadened. This difference in solution 
conformations between the 3,3-disubstituted and the 3-mono- 
substituted thietane oxides probably results from the smaller
1,3-interaction between the sulfinyl oxygen and the 3-hydrogen 
atom in the latter compounds.
It should be noted that thietanes and their deriva­
tives are thought to be conformationally mobile and may show
up to a 40° ring-folding angle for the stable conformer in
6 9unbiased systems. A conformation with a planar thietane 
ring should be a high energy form because all of the sub­
stituents would be eclipsed. The predominance of conforma­
tions with an axial S=0 linkage would give the opposite
configurational assignment based on long-range coupling.
However, a significant population of these may be ruled out
because of the expected severe 1,3-diaxial interactions
between the substituent and the sulfoxide oxygen. A large
chemical shift difference between the pseudo-equatorial and
the pseudo-axial a-methylene protons in cyclic sulfoxides
has been attributed to an axial electron pair on sulfur.
Selective shielding of the axial protons by the trans-axial
nonbonding electrons is thought to be responsible for this 
7 0phenomenon. The observed chemical shift difference (Aea)
for 40_a (0.75 ppm) and for 4Ob (0.43 ppm) is large and
similar to the chemical shift difference noted in 3,3-dimethyl
thietane-1-ox.ide (43) (Aea) = 0.50 ppm). Arguments similar
to those above have suggested an equatorial sulfoxide oxygen
71as the predominant solution conformation of 43_. An X-ray
structure determination of a lanthanide complex with <43_ has
also shown a strongly folded thietane ring (35°) with the
. . 43S=0 bond m  an equatorial position.
Since the sulfoxide group only has C g symmetry, it 
might be expected that the magnetic anisotropy of this group 
would also show only a C g symmetry. Therefore, the influence 
of the sulfoxide group on the chemical shifts of protons in 
the molecule is dependent on the exact position of the proton 
in the low symmetry environment of the S=0 linkage. Except 
for a few instances, such as the noted strong deshielding of
3-protons in a cis-diaxial relationship with the S=0 bond, 
the chemical shift data of sulfoxides has not been particu­
larly useful for the determination of the relative configur­
40
ations of sulfoxides, and the shielding-deshielding regions 
of the sulfoxide group still remain ill-defined. The nmr 
methyl absorption of 4 0a was deshielded relative to the same 
absorption of 4Ob. However, the methyl absorptions of both 
of these compounds were found to be at a higher field strength 
(shielded) than the methyl absorption of the parent thietane 
7.
On the other hand, solvent-induced shifts may depend 
upon a specific solvent-solute interaction whose interpreta­
tion depends on the understanding of the nature of the inter­
action; only the magnitudes and directions of the shifts need 
to be considered in this treatment. Aromatic solvents, in 
particular benzene, may show large and specific shielding 
effects on the hydrogen atoms of some solutes. This effect 
has been interpreted in terms of collision complexes between 
the benzene molecules and the positive ends of dipoles in the 
molecule; the observed shielding suggests that the dipole is
approximately perpendicular to the plane of the benzene 
72molecule. As a corollary, the shielding is greatest at 
protons close to the presumed position of the benzene molecule 
and drops off with distance. The polarization in sulfoxides 
is regarded as S-|— O which may be derived from a contribut­
ing resonance structure. Therefore, the tetrahedral nature 
of the sulfoxide linkage implies that the location of the 
benzene ring in the collision complex will be on the thietane 
ring face trans to the oxygen atom. Analogous reasoning 
obtains for other cyclic sulfoxides, and aromatic solvent- 
induced shifts (ASIS) have been used with great success in
41
the stereochemical investigations of diastereomeric sulfox-
73ides, e.g. penicillin sulfoxides and cephalosporin sulfox- 
74ides. As a result, the nmr spectra of 4Oa and 4Ob in 
benzene (referenced to TMS) should show a greater shielding 
of the pseudo-equatorial protons than of the pseudo-axial 
protons in the conformations in which the sulfoxide linkage 
is equatorial. The observed benzene induced shifts were 
consistent with this expectation and also allowed the ident­
ification of the absorptions of the pseudo-axial and the 
pseudo-equatorial protons (H and H respectively) of 4 0a 
(Table V ) . A predominance of the other conformations in 
which the sulfoxide linkage is axially disposed would lead 
to contradictions with the original assignments.
The somewhat larger shift of the pseudo-axial protons
of 4 0a when compared to the shift of the pseudo-axial protons
of 4Ob may reflect that this face of 4Ob is less accessible
to the solvent than the corresponding face of 4 0a. This
hypothesis is in agreement with the relative steric bulk of
the methyl and the phenyl groups = 1.7 kcal/rnol,
7 5AGp^ = 3.0 kcal/rnol ) and, therefore, suggests that the 
oxygen atom of 4Ob may be more hindered to interaction with 
chromatographic adsorbents than the oxygen atom of 40a. As 
noted before, 40b was eluted prior to 40a, and this result 
seems to provide a satisfying conclusion to the argument. 
However, this deduction must be regarded as highly tenuous 
until more information on the relationship between solvent 
shifts and elution rates is obtained.
Table V. Nmr Data of 3-Methyl-3-phenylthietane (7),





7 (CDC13 ) 3. 78 2. 99 1.77
40a (CDC13 ) 3.33 4.08 1.65
40a (Benzene)0 2.89 3.39 1.17
40b (CDC13) 3.43 3.86 1.47
40b (Benzene) 3.14 0. 94
31 (CDC13) 4.48 4. 09 1.78
aThe axial-equatorial assignment to the ring protons of 7 
and 3_1 was made from the noticeable broadening of these 
absorptions; see previous discussion.
^The absorptions were measured to the center of the doublets 
which had additional fine splitting.
These solutions were about 3% (wt/v) in benzene.
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The oxidation of 7 with an aqueous solution of sodium 
hypochlorite occurred readily even though the reactants and, 
later, the products formed a heterogenous, two-phase system. 
The products of this reaction were the solid sulfoxide isomer 
40a (47.8%), the liquid sulfoxide isomer 4Ob (38.7%) and the 
sulfone 3^ (13.5%) in a very high yield. A partial mechanis­
tic scheme for this reaction is suggested below (Scheme III), 
based on some of the known details of oxidation of sulfides 
with positive halogen sources such as tert-butylhypochlorite 
and the halogens; some other contributing evidence will also 
be considered. To our knowledge, the stereochemistry of the 
oxidation of sulfides with che hypochlorite anion or hypo- 
chlorous acid has not been studied previously. However, the 
oxidation of some substituted thianes has been performed 
with hypobromous acid; these authors concluded that the 
oxidation stereochemistry demanded an attack by an electro-
philic oxygen species derived from the polarized HOBr rather
1 6than an attack by a positive halogen. This direction of
polarization seems to be inverted with respect to the elec-
7 7tronegativities of the atoms.
The other sulfoxide isomer 4Ob is produced as shown
in eq. 13 and eq. 14 (Scheme III) from the other S-chloro-
sulfonium intermediate 4_5. An S-halosulfonium intermediate
has been proposed in the reaction of sulfides with bromine
7 9in aqueous methanol to give sulfoxides. The formation of
a sulfurane structure (intermediate or transition state) 
analogous to 4_6 by the irreversible and rate-limiting attack
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of water or hydroxide anion on the S-bromosulfonium inter­
mediate to give the sulfoxide product (after rapid proton
loss) has been found to be consistent with the kinetic
79results for this reaction.
The reaction of sulfoxides with the halide ion to 
8 0 8 2give sulfides ' or the racemization of sulfoxides catalyzed
81 8 2by the halide ion ' may be regarded as the mechanistic
reversals of the above oxidation reaction with bromine. The
available data implicate the same rate-limiting step in all
of these reactions and point to the involvement of S-halo-
sulfonium ions in these reactions. However, an alternate
mechanism for the stereomutation of sulfoxides with HC1 with-
out the intervention of the commonly accepted S-halosulfonium
8 3intermediates has been advanced recently by Kwart and Omura.
It is not known at the present time whether the tetra- 
covalent sulfuranes, analogous to 4_6 are stable reaction
intermediates or whether they represent transition states.
84 •The preparation of sulfuranes and the strong implication
for the intervention of tetracovalent intermediates in the
8 5oxidation of sulfides with tert-butylhypochlorite suggest 
that the sulfuranes may be reaction intermediates. Appar­
ently, the difficulty to distinguish between the sulfurane 
47 and the sulfonium salt 4j8 arises from the possibility of 
ion pairing in 4_8 or from the possibility of rapid intercon­
version between 47_ and 4_8, especially when the anion is 
nucleophilic. For our purposes, we will consider the S- 
halosulfonium salts as the intermediates in the reactions of 






































a) Alternate structures for the intermediate or transition 
state shown above may be constructed, especially with 
regard to the apical or equatorial disposition of the 
substituents. Some consideration of these possibilities 
is included in a later part of this thesis.
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Our primary interest in this reaction lay in the 
factors affecting the stereochemistry of oxidation of sul­
fides by this hypochlorite reagent. As noted before, the 
processes represented by eq. 13 and eq. 14 are expected to 
be irreversible and, therefore, the product distribution 
will reflect in some way the relative amounts of the diaster- 
eomeric S-chlorosulfonium intermediates. The pyramidal 
stability of S-alkoxysulfonium salts, which in the case of 
our system allowed the isolation of the individual tetra- 
fluoroborate salts (49a, 49b) , suggests that the S-chloro- 
sulfonium derivatives should show a similar stability. 
However, an exchange process between the sulfide and the 
salt (eq. 15) or an "invisible" nucleophilic displacement on 
the salt by the substantially nucleophilic halide anion 
(eq. 16) can not be ruled out. These processes would lead 
to at least partial equilibration of the sulfonium salt 
isomers prior to their capture by water or the hydroxide 
ion.
47
An important implicit assumption in the proposed 
mechanistic scheme is that the displacement of the halide 
anion from the sulfur atom by hydroxide or water occurs with 
inversion of configuration at the sulfur atom. The majority 
of the known nucleophilic displacement reactions at tricoor­
dinate sulfur atom take place with predominant inversion even 
when the sulfur atom is a part of a four-membered ring.^'^*^ 
This situation and the general case are discussed more fully 
for the reaction of S-alkoxysulfonium salts with the hydroxide 
ion and water. Therefore, the configuration of the predomi- 
nant S-chlorosulfonium salt isomer would be the same as that 
of the minor product sulfoxide in the limiting case when the 
equilibration between 4_4 and 4_5 is very slow with respect to 
the rate of their removal from the reaction. In this case, 
the product sulfoxide distribution would reflect, in an 
inverse sense, the relative initial halogenation rates on 
the two diastereomeric faces of the thietane ring by the 
hypochlorite reagent. If the equilibration rate of 4_4 and 
45 is very fast or similar to the rates of their reaction
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with water or hydroxide, a much more complex situation ob­
tains and the observed product distribution becomes a complex 
function of the reactant concentrations and the relative 
reaction rate constants. Only in the case of a very fast 
equilibration of 4_4 and 4_5 prior to the slow capture of these 
intermediates by water (OH ) is a relatively simple expression 
obtained for the relative amounts of the products 4Oa and 
4 0b, That the sulfoxide isomer distribution reflects (again 
in the opposite sense) the equilibrium concentrations of the 
S-chlorosulfonium isomers depends on one additional assump­
tion, that the rate constants for the reactions of 44_ and 4_5 
with water or hydroxide are equal.
It may be seen that in the oxidation of with
aqueous sodium hypochlorite, the solid sulfoxide is the
predominant isomer (40a), whereas in the oxidation of the
sulfide T_ with hydrogen peroxide, the solid sulfoxide 40a
constitutes only 34% of the product and the liquid sulfoxide
4Ob is the predominantly formed isomer (66%). The apparent
inversion in the more favored sulfoxide configuration between
the peroxy reagents and the "positive" halogen oxidants,
notably tert-butylhypochlorite, may also be seen in the data
17 6 0 6 2of Johnson and coworkers ' ; some independent specula­
tion as to the origin of this difference has been published 7 ^ ' ^  
Our own considerations lead to the suggestion that the initial 
halogenation of the sulfur atom is probably controlled by the 
same stereoelectronic factors involved in the direct oxida­
tion by the peroxy reagents. Thus, the reaction is expected 
to give a mixture of the S-halosulfonium isomers with a
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roughly similar configurational isomer distribution as the 
direct oxidation. For instance, S-alkoxysulfonium salts and 
the corresponding sulfoxides have been found to have very 
similar equilibrium compositions with respect to the c i s :trans 
isomer ratios in at least one s y s t e m . ^  Subsequent inversion 
of configuration of the S-chlorosulfonium isomers by reaction 
then produces the observed sulfoxide isomer distribution. 
Extensive equilibration of the intermediates does not seem 
likely from a consideration of the observed product distri­
butions in the other systems. However, the extent of the 
thermodynamic effects is probably very dependent on the 
reaction conditions.
The presence of the sulfone may be attributed to the 
further oxidation of the sulfoxides with the sodium hypo­
chlorite reagent; similar oxidations with other halogen
8 7reagents are known. The sulfone by-product in the hypo­
chlorite oxidation was probably not formed exclusively from 
only one sulfoxide isomer. The readiness of this reaction 
could be demonstrated by shaking an aqueous solution of 
sodium hypochlorite with the solid sulfoxide 4 0a. Within a 
short period the sulfoxide started to liquefy and after 
about one hour a solid started to crystallize in the lique­
fied organic phase, until the total mass was once more totally 
solidified. This solid was shown to be the pure sulfone 31.
In the course of a mechanistic study, it had been
shown that a sulfoxide was converted to the sulfone with iodo-
8 8benzene dichloride in a rather slow reaction. Therefore, 
the reaction was accelerated by silver ion catalysis, unfor-
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tunately without consideration of the possible involvement 
of the silver species in the reaction mechanism itself. In 
our hands, the reaction of sodium hypochlorite with the 
thietane 1_ under silver ion catalysis, gave primarily the 
sulfone 3_1 together with minor amounts of the mixed sulfoxides. 
The preferred oxidation of the sulfoxides may be due to the 
greater solubility of the sulfoxides in the aqueous medium. 
However, the participation of the silver species in the reac­
tion itself is more likely because silver ion catalysis in
oxidations has already been noted, and silver ion is also
8 9known to complex well with sulfides. For instance,
crystalline products were produced when an aqueous solution 
of silver nitrate was shaken with 7_ or with 3-phenyl-3-(2- 
propyl)-thietane (10). An attempt to isolate the adduct of 
1_ with silver nitrate showed that the adduct was partially 
decomposed by water when the crystals were washed to remove 
the excess silver nitrate.
It was of interest to obtain the equilibrium compo­
sition of the 3-methyl-3-phenylthietane sulfoxides in order 
to compare the isomer distribution from the kinetically- 
controlled oxidation of the parent sulfide with the thermo­
dynamic equilibrium distribution of the sulfoxides. These 
results could then be compared with the data for the 3-mono-
substituted thietanes, published previously by Johnson and
, 90coworkers.
91Among the techniques for sulfoxide equilibration 
is the equilibration of sulfoxides by heat, which is thought
92
to promote the pyramidal inversion of the original sulfoxide.
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Rather strangely, an oxygen exchange process with net re-
9 3tention of configuration also seems to be operative.
Another technique is the treatment of the sulfoxide with
aqueous hydrochloric acid to achieve equilibrium; this has
been shown to proceed by a series of nucleophilic displace-
94ments at sulfur on the protonated sulfoxide species.
The sulfoxides 4Oa and 4Ob could be readily equili­
brated with hydrochloric acid to give the same mixture of 
sulfoxides regardless of which sulfoxide was used as the 
starting material for the experiments (eq. 17). An equil-
(17)
40a 40b
ibrium composition of 40 a :4Ob equal to 25.8 + 0.6% : 74.2 + 0.6% 
in chloroform was observed, there being no evidence of de­
composition. The experiments were performed by the addition 
of a small amount of hydrochloric acid to solutions of the 
sulfoxides in chloroform. Quantitative determinations of the 
sulfoxide isomer distributions at equilibrium were then ob­
tained from the nmr spectra of these solutions by carefully 
integrating the magnified methyl signals belonging to each 
isomer. The validity of these integrations was substantiated 
with known mixtures of the two sulfoxides. In dioxane, an 
equilibrium composition of 40a:40b equal to 28.9+0.7%:71.1+0.7%
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was observed. These data give a AG°^ = -0.626 kcal/mol in 
chloroform and a AG25 = “0-533 kcal/mol in dioxane between 
the two isomers (4 Ob favored). The difference between the 
equilibrium isomer distributions in the two solvents, 
although minor, is probably real.
It may be seen that the hydrogen peroxide oxidation 
of the sulfide gives an isomer distribution of 4 0a and 4Ob 
which is close to that of the equilibrium distribution of 
these sulfoxide isomers determined from the HCl-catalyzed 
equilibrations. The equilibrium distribution of the isomers 
is consistent with that observed for the 3-monosubstituted 
thietane sulfoxides by Johnson and coworkers, in that the 
favored isomer is the one which has the sulfinyl oxygen in
90a cis relationship with the sterically larger 3-suostituent.
However, in contrast with our results, Johnson and coworkers
found that the kinetically favored sulfoxide isomer in the
oxidation of the 3-monosubstituted thietanes with peroxy
reagents is the one which has the sulfinyl oxygen trans to
17the sterically larger group. No ready explanation can be 
advanced for this difference in behavior between these two 
systems.
The thermal isomerization of the sulfoxides 40a and 
40b proceeded very slowly at 183°. Thus, after 1.4 hr at 
this temperature, the liquid sulfoxide isomer 40b showed no 
appreciable presence of the other isomer. A concurrent and 
apparently slower decomposition of the materials complicated 
the situation. At temperatures above 183° the decomposition
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became competitive with the isomerization, while lower 
temperatures were impracticable because the time necessary 
to reach equilibrium would allow the accumulation of apprec­
iable amounts of decomposition materials. For instance, when 
isomer 4 0a was heated for eight hours at 164°, only 7% of the 
liquid isomer 4Ob was found in the sample, which, however, 
was dark brown by this time.
These results contrast sharply with the ready thermal
isomerization observed for the monosubstituted thietane oxide 
90 9550. ' The isomers of this sulfoxide were reported to
reach the equilibrium composition of c i s :trans equal to 85:15 
in 15 min at 170-175°. The HCl-catalyzed equilibration at 





The different thermal behavior between the 3-mono and
the 3,3-disubstituted thietane-l-oxides suggested that some
comparison should be made with previously obtained data.
92Mislow and coworkers studied the isomerization kinetics of 
a number of different, optically active sulfoxides. Although 
some concurrent decomposition was observed for many of these 
compounds, the pertinent rate constants (eq. 18) could be
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k lA --- = B (18)
K 2
readily determined since A and B were enantiomers with k^=k2 
and, furthermore, the decomposition rates of both enantiomers 
would be the same. Because no such simplifications would 
obtain for the equilibrations of 4Oa and 4O b , a much more 
complex mathematical and experimental treatment would be 
necessary to obtain the same information. Some attempt to 
perform this, however, has been made by us for the thermal 
isomerization of a pair of sulfilimine isomers.
Therefore, it was decided to use e q . 18 as the perti­
nent equation for the description of the isomerization. The 
integrated expression (eq. 20) may be obtained from the cor­
responding rate expression for this process (eq. 19),
= k x [A] - k2 [B] (19;
ln ]K~-[?B- f = - (kl + k 2 ft (20)1 o o
where k = k-^- .k^ -  [B] : [A] at equilibrium and [B] = [Aq ] - [A], 
with [B] and [A] being the concentrations of the sulfoxides at 
a time equal to t and [Aq ] , [Bq ] being the concentrations of 
the two sulfoxides at t = O; or, for our case, CA0 ] = 1 anc  ^
[Bq ] = O. Substitution of the experimentally determined and 
rather approximate values of the sulfoxide composition into
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eq. 20, together with the heating time of the sample and the 
value of K = 2.85 (or its inverse) corresponding to an equil­
ibrium composition of 74:26 of 40a:40b would then allow 
solution for (k^ + values of (k^ + k 2 ) for the neat
sulfoxides 4 0a and 4Ob were 0.35 X 10 sec ^ at 164° and 
-4 -11.8 X 10 sec at 201°. Extrapolation of the isomerization
rate at 164° to about 200° by the approximately five-fold
rate increase per 2 0° temperature increase found in the acyclic
- 5 -1systems below, gives 8 X 10 sec as the estimate for the
isomerization rate of 40a and 40b at 200°.
92 •Mislow and coworkers determined the racemization
rates k, apparently equal to (k-^  + k ^ ) of eq. 18, of a number 
of acyclic sulfoxides in p-xylene solution; representative 
cases are shown in Table VI. It may be seen that the rate 
constants, found by these workers are similar to the isomer­
ization rates (k^ + °f 40a and 40b. The latter are
slightly larger than the rates of racemization of the acyclic 
sulfoxides and may be indicative of a trend in this direction 
for the cyclic thietane sulfoxides. However, this very rough 
estimate of isomerization rates of 40a and 4Ob does show that 
they are "normal", that is, similar to the rates of racemiza­
tion shown above.
Mislow and coworkers concluded that the racemization 
of their compounds proceeded by a pyramidal inversion through 
a symmetric and planar transition state and that the racemiz­
ation rate was not greatly influenced by the structure of the 
groups attached to the sulfur atom. The rate constants and
56
a
Table VI. Thermal Isomerization of Sulfoxides.
Temperature
Compound °C k
Ph-S-(p-tolyl) 200 1.44 X 10~5 -1sec
li0
(CH0)0C-CH0-S-p-tolyl)
3 3 2 II _














220 0.49 X -510 sec ^
aSee reference 92.
5 7
t*activation parameters fell into narrow ranges with AH =
•i-
35-42 kcal/mol and AS' - -8 to -4 eu. It was also noted that 
bulky groups attached to the sulfur atom gave some rate accel­
eration, apparently with its origin in the AS T term.
None of these findings suggests a reason for the very 
rapid isomerization of the 3 - (tert-butyl)-thietane sulfoxides 
(50). This case should be regarded as exceptional, especially
in view of our results. However, large rate accelerations
96have been found for isomerizations of benzylic sulfoxides
97and allylic sulfoxides. In these cases, the thermal isomer­
ization involves homolytic scission mechanisms with recombi­
nation, sulfenate-sulfoxide equilibria, and allylic rearrange­
ments. Possibly the 3 - (tert-butyl)-thietane system undergoes 
similar transformations since the presence of a 3-hydrogen 
(absent in 40a and 4Ob) suggests a proto-allylic structure. 
Clearly, a kinetic re-examination of the isomerization rates 
for these compounds is required. The sulfoxides 40a and 4Ob 
could be readily converted to the O-methyl derivatives 4 9a 
and 49b respectively, by trimethyloxonium tetrafluoroborate, 
and crystallization afforded analytically pure samples of 









9 8retention of configuration at the sulfur atom. Hydrolysis
of sales of this type with water or hydroxide ion is known to
proceed with predominant inversion of configuration at the
3 3 9b 98sulfur atom to yield the sulfoxide. ' ' These intermedi­
ates have been used in stereochemical cycles for configura­
tional interrelation of reactions at the sulfur c e n t e r . ^ 3 
Their other major use has been to prepare the alternate di- 
astereomer (or enantiomer) of a sulfoxide when for some
reason only one isomer of the sulfoxide could be conveniently
52 99obtained through a more direct synthesis. '
The reaction of the alkoxysulfonium salt with hydroxide 
ion (eq. 21) of water is thought to involve either a tetra- 
coordinate sulfur intermediate 5_2 or a similar transition 
state but, at this time, it is still unclear which mechanism 











tion state 52^  would be the sulfur analogue of an SN 2 reaction 
at carbon, predicting the observed inverted configuration of 
the product sulfoxide with respect to the starting alkoxy­
sulfonium salt 5^, and hence the starting sulfoxide. If, 
however, the reaction pathway is considered to be through the 
reaction itnermediate 52, a quite different situation may
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result, namely, pseudorotation around the tetracoordinate 
sulfur center of the intermediate may intervene in the re­
action.'*' This intermediate becomes analogous to the 
phosphorus compounds in which pseudorotation has been ob­
served if the lone electron pair of 5_2 is considered to be 
2
a ligand. Considerations of this type led Tang and Mislow 
to test for pseudorotation at sulfur by allowing both isomers 
of _1 to react with aqueous sodium hydroxide; the recovered 
sulfoxides showed a >95% inversion of configuration at
3
sulfur. This result was taken as evidence against pseudo­
rotation in the tetracoordinate sulfur species because it 
was reasoned that the constraint of the thietane ring in the 
proposed trigonal-bipyramidal intermediate would allow pseudo­
rotation only to structures which, upon loss of ethoxide, 
would give net retention of configuration at sulfur as the 
stereochemical result.
In our case, preliminary work had indicated that the 
product sulfoxides from the base-catalyzed hydrolysis of 4 9a 
and 49b were predominantly of inverted configuration but that
some sulfoxide of retained configuration was always present.
98Similar observations had led Johnson and McCants to propose
that a competing S^2 displacement at the alkoxy carbon gave
products with the retained configuration. Oxygen tracer
8 6studies of this reaction by Kishi and Komeno with isomeric 
cholestane episulfoxide (the reaction fragment of this 
structure belongs to the 7-bicyclo[2.2.1]heptane system) also 
suggest that the inverted sulfoxide arises from attack at 
sulfur while the retained product sulfoxide is formed from
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reaction at the O-alkyl group. This system shows very anoma­
lous ratios of inverted to retained sulfoxides and the results 
are consistent with steric hindrance of the reaction sites.
In order to obtain a clarification of this situation, a study 
of this reaction was made on 49a and 49b with different con­
centrations of sodium hydroxide. Solutions of the pure salts, 
either 4 9a or 49 b , in tetramethylene sulfone (about 2 ml) 
were injected into a large volume (50-100 ml) of vigorously 
stirred, standardized sodium hydroxide solutions which con­
tained a large stoichiometric excess of hydroxide whenever 
possible. Analysis of the product sulfoxides indicated that 
the amount of sulfoxide with retained configuration at sulfur 
increased monotonically with increasing base concentrations 
to reach about 8% content at the highest base concentration 
used (4.6 N ) . The hydrolysis of the salts in pure water 
showed that the product contained only the sulfoxide with 
inverted configuration. These results suggested that the sul­
foxide with a retained configuration at sulfur with respect 
to the starting salt could arise from a competing attack of 
hydroxide ion on the O-alkyl carbon atom. The intervention 
of pseudorotation in the tetracoordinate intermediate to give 
some sulfoxide with retained configuration would not be ex­
pected to show a dependence on the base concentration. This 
situation could be separated into its component parts (Scheme
IV) .
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The analysis is shown for salt 49 b , an analogous 
analysis being applicable for salt 49a. The rate expressions 
for this system were assumed to be those for typical second- 
order rate processes, dependent upon the salt concentration, 
the hydroxide ion concentration and the water concentration. 
They could be solved under the assumptions that the hydroxide 
ion concentration remained approximately constant during re­
action (this was not strictly true for the second point, 
equivalent to 0.0419 N NaOH solution, where the hydroxide ion 
concentration dropped about 35% in value) and that the rate 
constant for the attack of water on the O-alkyl carbon was 
small enough to be neglected, that is, set equal to zero 
inasmuch as no retention of configuration was observed in 
pure water. The derivatives are shown in Appendix A. The
solution of this system of equations showed that a plot of
. , A sulfoxide with inverted
the ratio of the product sulfoxides g ; 5ulfoxide „fth retained
j- ■ . • LH„OJconfiguration „ 2 --- — :--- versus ------
configuration [OH- ]
should yield a straight line plot
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kg , H20
with the slope equal to -------— and the intercept equal to
k , OH
ks , OH
-------— , where the k's are the second order rate constants
kc , OH
with the designations shown in Scheme IV. Relatively good 
least-squares regression lines were obtained for both O-alkyl 
sulfonium salt isomers 49a and 4 9b; the relative rate constants 
are summarized in Figure I under the assumption that k ^ , OH = 1.
It may be seen that the product distribution in this 
reaction is consistent with an assumed mechanism which in­
volves the nucleophilic attack of both water and the hydroxide 
ion at the sulfur atom with eventual displacement of methoxide 
anion and the formation of the sulfoxide with inversion as the 
net stereochemical result; concurrent with these processes is 
a nucleophilic attack of hydroxide ion on the carbon of the 
O-methyl group to give methanol while the sulfoxide with re­
tained configuration at sulfur serves as the leaving group.
The relative rate constants suggest that a maximum value of 
about 10% retention might be observed in the hydrolysis of 
these salts with hydroxide ion in nonaqueous solutions. A 
notable feature is the much greater effectiveness of hydroxide 
ion over water in promoting inversion, about 90:0 for 4 9a and 
about 155:1 for 49 b . It seems 4 9a may show less discrimina­
tion between water and the hydroxide anion than 49b because 
of steric effects at the reaction site. However, the absolute 







kc , OH" = 1
kc , H2O = 0
k s , OH = 1 1 . 6








s , OH~ = 10.4
kc , H20 = 0
49a
Figure I. Relative Rate Constants for the Reaction of 0- 
Methoxysulfonium Salts 49a and 49b with Aqueous 
Base.
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It may be of some interest, at this point, to discuss
some steric aspects of sulfur compounds, currently reviewed'*'^,
and to relate these to some of the concepts of pseudorotation.
Both our data on the 3,3-disubstituted thietane system and the
previously noted work on the 3-monosubstituted thietane system
indicated that pseudorotation is not important and quite
possibly absent in the nucleophilic displacement reactions at
sulfur. As noted before, the effects of pseudorotation have
been observed in the reactions of some phosphorus compounds
where the postulated pentacoordinate intermediates have a
trigonal-bipyramidal structure by analogy with phosphorus
31compounds of known structure. These concepts have been
carried over into sulfur chemistry and the tetracoordinate 
sulfur species has been regarded as analogous to the penta­
coordinate phosphorus, especially if the lone electron pair 
on sulfur is regarded as a ligand. The use of the term 
"trigonal-bipyramidal" unfortunately carries along an implicit 
condition of 120° angles between the equatorial ligands. 
Clearly, the statements in the literature about structures 
existing as distorted trigonal bipyramids somehow imply that 
the preferred geometry has been distorted through some special 
and often unstated effects.
The structural data on tetracoordinate, tetravalent 
sulfur compounds (sulfuranes) although somewhat scanty, re­
veals that the equatorial bond angles (sulfur at vertex) are 
consistently at much lower values than the "expected" 120°
and theoretical reasons for the observed structures of these
2 6hypervalent compounds have been advanced. The situation
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may be illustrated by several examples (Fig. II).
The compounds shown in Figure II are very similar to 
the assumed tetracoordinate intermediate (transition state) 
in the nucleophilic substitution reactions at sulfur in that 
all of these species have a central sulfur atom with four 
ligands and a free electron pair (sometimes also denoted as 
a phanthom ligand or "pentacoordinate sulfur"). Typically, 
the bond lengths of the apical substituents exceed the pre­
dicted bond lengths, obtained from the sum of the covalent 
radii of the atoms. It does not seem unreasonable to expect 
that the geometry of 5_2, the presumed reaction intermediate, 
should resemble the geometry of 53^ , 5_4, or 5J3 rather than the 
ideal trigonal bipyramid. If this is the case, then the 
four-membered thietane ring, with its approximately 90° ring 
angles, should be able to span the equatorial-equatorial (e-e 
positions of the intermediate by a compression of only 10-15° 
The energy for the compression of 10-15°, necessary to span 
the e-e positions, may be offset by the preferred apical ar­
rangement of the electronegative entering and leaving groups 
and, perhaps, by a distortion of the ring in the a-e position 
of the structure.
In summary, it appears that the thietane ring does 
not provide a sufficient constraint to pseudorotation and 
that the observed inversion in the nucleophilic displacement 
reactions at tricoordinate sulfur may not be adequate proof 
against the occurrence of pseudorotation at sulfur. Perhaps 
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Figure II.a Structures of Some Tetracoordinate S(IV) Molecules.
aThe lone electron pair has been omitted from the structures 
except in the case of 5_3 where it is shown in order to 
illustrate the trigonal-bipyramidal nature of the structures 
and to show the resulting apical (a) and equatorial (e) 




at sulfur is in the true pentacoordinate sulfur intermediates
(without electron pair) which could be postulated in the
reactions of tetracoordinate sulfur species. The geometry
of compounds similar to these, e.g. sulfurane oxides, is
known and is predicted to be close to the ideal trigonal-
104bipyramidal structure. Now, it should not be possible
for the four-membered ring to accommodate the 120°-angle of 
the e-e positions. An experiment with an acyclic sulfur 
compound has shown that a reaction of this type goes with 
net inversion (eq. 22). The stereochemical result was
Cl O
1 2  1 Iff) 2 1 I 2
Ar -S-Ar ptr-Tpi— ^  Ar -S^Ar ~ A r  -S-Ar (22;
| 2 | W OH |
O 0 0
18deduced from reaction cycles in which an [ 0] label at the
sulfur atom was responsible for the dissymmetry and hence,
the optical activity of the product sulfones (R^-S["^0, "*~^ 0] -
R2 ). It would be interesting to know the stereochemical
results of reactions where a true pentacoordinate sulfur
intermediate may be involved in systems which have greater
constraints to polytopal rearrangements, such as thietanes.
The reaction of Chloramine-T and some other N-halo-
105amides with sulfides, also known as the Mann-Pope reaction , 
yields the corresponding sulfilimines as products. The over­
all reaction may be illustrated for the reaction of ethyl 
phenyl sulfide with Chloramine-T (eq. 23). However, it has
Ts = p-toluenesulfonyl- 56
been difficult to achieve a precise description of the reac­
tion mechanism. Studies of the mechanism of sulfilimine 
formation^^^ have shown that an increasingly complex mechan­
istic scheme is needed to account fully for the observed 
data, and at the present time a consistent mechanism has not 
been formulated.
The mechanism proposed by Ruff and Kucsman^^^C (Scheme
V) seems to be the best for the present description of this 
reaction. The intermediates, presumably the same in eq. 25
SCHEME V
TsNCl° + ^fast.^ t s NHCI (24)
a
kiTsNHCI + RR'S —  =— Intermediates ^ . i>» Products (25slowly fast
k '
TsNHCI + TsNCl® d-— TsNCl^ + TsNH® (slow) (26)
k 1
-d
k2TsNCl „ + RR'S -- =-5* Intermediates ? ■- ,-ga» Products (27)2 fast fast
TsNlP + H® faSt^  TsNH. (28)  2
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and eq. 27, then react further to give either sulfilimines or 
sulfoxides as the final stable products; usually both products 
are obtained from the reaction (eq. 29). It may be seen that
Sulfoxide
Intermediates
fast (TsNH0 or TsN
Sulfilimine
the relative rates (dependent upon both the rate constants 
and the concentrations of the nucleophiles) of these parallel 
reactions will then determine the exact sulfoxide: sulfili­
mine ratios in the products. Chloramine-T is the sodium salt 
or N-chloro-(p-toluene)-sulfonamide but it is obtained only 
as the trihydrate from commercial sources or from synthesis. 
This circumstance, together with the requirement for a common, 
inert solvent system for the polar reactive salt and the 
apolar sulfide, has severely limited the choice of solvents 
for the kinetic study of this reaction. As a consequence, 
the kinetic studies have been performed in alcoholic media 
with a varying water content and the sulfoxide formation has
10 6 3.
been accepted as a part of the overall reaction. Benes 
attempted to remove the water through an azeotropic distilla­
tion with toluene; even after this procedure there remained 
about 1.5 mol of water per mol of the N-halosulfonamide.
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107A Hammett-Taft treatment of the kinetic data from 
the reaction of substituted aryl methyl sulfides with Chlor­
amine-T (k| of eq. 25) was correlated with a+ to give a 
linear free energy relationship with a negative p value 
(slope^"^C ; other workers had also obtained negative p values 
for this reaction . Therefore, it was concluded that 
the sulfur atom must bear some positive charge in the transi­
tion state of the rate-determining step of eq. 25, and, as a 
consequence, that the intermediate itself might be positively 
charged. Ruff and Kucsman have suggested that an intermediate
52 58 59
of the type 58_ can not be ruled out in favor of the more
generally accepted S-halosulfonium intermediate 57_. Their
arguments for the possible intervention of 5£[ rest on the
observations that added p-toluenesulfonamide does not change
the sulfilimine:sulfoxide ratio of the product and that the
mono and the dihalosulfonamides are prone to radical decom- 
108positions. If 58^  is indeed the intermediate, they envisage
the formation of the sulfilimine from the radical cation 5j^  
while the sulfoxide would be eventually formed from 5 9 , 
produced from the disproportionation of 58_. However, the 
results above do not support very strongly the specific 
intervention of the sulfide radical cation. Our own work
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has shown that the hydroxide anion is about 100 times more 
effective than water in the nucleophilic displacement reac­
tions at sulfur of S-alkoxysulfonium salts. Therefore, the 
addition of p-toluenesulfonamide to the reaction mixture (up 
to a 50-fold excess) does not really necessitate a great 
change in the sulfilimine:sulfoxide ratio, especially since 
several equilibria govern the exact composition of the react­
ing species. In addition, the amounts of sulfoxide found in 
the product are often considerable and this argues against
their origin from a product (59.) of an apparently second-
^ 109 order reaction.
The reaction of 3-methyl-3-phenylthietane (^ 7) with 
Chloramine-T was expected to give both of the diastereomeric 
N-(p-toluenesulfonyl)sulfilimines 60a and 6Ob. This situa­
tion, consistent with the previously described mechanisms
Ph N-Ts
^e 60a Ph 60b
N-Ts
Ts = p-toluenesulfonyl-
of sulfoxide and sulfilimine formation, was also observed. 
The stereochemical assignment to the structures followed 
from the observation that the nmr spectrum of compound 60a
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in the region of the thietane ring hydrogen absorptions 
showed a broadened half-spectrum while the corresponding 
region for compound 6O b , apparently a singlet in deuterio- 
chloroform, became resolved in benzene into two symmetrical 
halves, both of whose components were sharp. The basis for 
this assignment has already been discussed under the assign­
ment of the stereochemistry to the corresponding sulfoxides.
Different techniques of sulfilimine preparation were 
tried, either to optimize the yield or in order to achieve 
homogenous reaction conditions. It was important to achieve 
a high yield because 6 0a and 6 0b , produced in the same re­
action, had to be separated, often a wasteful process. 
Furthermore, it was desired to obtain some comparison be­
tween the isomer distributions from this reaction with the 
isomer distributions from the widely studied sulfide to 
sulfoxide oxidations. Both of these aims required very high 
product yields while the latter goal also pointed to the need 
for homogenous reaction conditions.
A homogenous medium for the reaction was provided by 
either pyridine of N ,N-dimethy1formamide (DMF) which dissolved 
both the sulfide and the Chloramine-T, which, as noted before, 
is a trihydrate. The haloamide did not seem to react apprec­
iably with these solvents during the reaction times. However, 
the yields of the mixed isomers from 7_ (about 70%) were too 
low to be of much use in obtaining a true isomer distribution 
in the reaction. Apparently, some of the thietane-derived 
intermediate was diverted by the water present in the solution
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to give the sulfoxides. Signals corresponding to the sul­
foxides were noted in the nmr spectra of a typical reaction.
A study of this reaction with methyl butyl sulfide (6_1) , 
ethyl propyl sulfide (6_2) , phenyl ethyl sulfide (56_) and with 
1_, gave widely differing results, as shown in Table VII.
With the exception of 6_1 in pyridine, the rest of the com­
pounds seemed to react readily in these solvents as judged 
by heat evolution and the rapid loss of the sulfide odor.
The reaction of 6JL in pyridine went very slowly under the 
same reaction conditions and did not give any isolable 
sulfilimine. It is presumed, in this case as well as in the 
others where a low yield of the sulfilimine derivative was 
isolated, that the reaction formed primarily the sulfoxide, 
through the intermediacy of the S-chlorosulfonium salt, which 
was then lost in the water layers. The reasons for this 
difference in behavior can not be readily explained, espec­
ially because N-(p-toluenesulfonyl)-S-butyl-S-methylsulfili- 
mine has been made successfully in other solutions with even
i ■ i . . . 1 1 0higher water contents.
These observations indicated that anhydrous solutions 
of the haloamide were needed in order to avoid this interfer­
ing diversion of the starting sulfide. This objective was 
achieved by an "azeotropic" distillation of the water from 
the DMF solutions of the haloamide. A solution of Chloramine- 
T, as the trihydrate, in DMF was mixed with chlorobenzene and 
then the water and the chlorobenzene were distilled under 
vacuum until water ceased to come over, the process being
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Table VII. Sulfilimine Preparation with Chloramine-T 
Trihydrate.
Starting Crude Yield of Isomer
Sulfide Solvent Sulfilimine Distributiona
61 Pyridine 0% —
61 DMF 38% —
62 DMF 49% —
56 Pyridine 60% —
56 DMF 78% --
7 Pyridine 74%b 60a
60b 29%
£
Based on 100% sulfilimine content. 
Average yield of two runs.
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continued until DMF was the only component of the distillate. 
The residual bright greenish-yellow solution of the haloamide 
salt, judged to be an essentially anhydrous solution of 
Chloramine-T in DMF, had to be used within a few days of its 
preparation since it lost strength rather rapidly on storage. 
However, the very slight amount of precipitate (assumed to be 
sodium chloride) formed during its preparation implied that 
its formation was not accompanied by extensive decomposition.
The reaction of this solution with sulfides gave a 
dramatic increase in the yields of the crude isolated sulfil- 
imines, formed practically quantitatively in many cases.
The results are summarized in Table VIII. Even methyl butyl 
sulfide gave a 78% yield of this derivative compared to 38% 
for its reaction with the Chloramine-T trihydrate in DMF. 
Possibly, traces of water in the DMF solution still influence 
this particular reaction. The decomposition products of the 
Chloramine-T/DMF reagent itself may also prevent a higher 
sulfilimine yield for this sulfide, whose reactions seem to 
be very sensitive to the effects of the medium. A study of 
the reaction products of DMF with Chloramine-T and a more 
extensive study of the reactions of 6_1 in this medium was 
beyond the scope of this thesis.
A study of the data of Tables VII and VIII reveals 
the potential synthetic utility of the "anhydrous" reagent 
for the preparation of difficulty obtainable N-tosylsulfili- 
mines from sulfides. A previously reported technique for 
achieving very high yields of N-tosylsulfilimines^^k has
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Table VIII





Structure A Structure B






R1 3-phenyl- 60a 60b
R2 3-methyl-
R1 3-phenyl 64bb 64b
R2 3- (2-propyl)-
R1 3-nitro- 65a 65b
R2 3-methyl-
aThe substituents also designate the starting 3,3-disub- 
stituted thietane.
No isomer assignment could be made in this case, although 
the isomer distribution could be readily determined.
Table VIII
V U I b .  Data from the Reactions of Anhydrous Chloramine-T Solutions with Sulfides.
Starting Sulfide
Crude Yield of 
Sulfilimine Isomer Distribution
Methyl butyl sulfide (61) 78% —
Phenyl ethyl sulfide (56) 92% --






















aBased on 100% sulfilimine content.
u
Other reactions gave higher yields, 95-100%.
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not been substantiated. -*-^c in addition, the very high 
yields of the products would now allow a study of the re­
action mechanism without the complicating effects of water. 
Only the equilibrium constants for eq. 30 and e q . 31 would 
be expected to govern the concentrations of the halogenating
RNH2 + RNC1® Na® ^  -1 ==> RNH® Na® + RNHC1 (30)
K22 RNHC1 RNC12 + RNH2 (31)
agents and of the nucleophiles in the reaction. It is 
assumed that the mechanism of this reaction remains essen­
tially the same as the one already discussed in this thesis 
and that the solvent (DMF, Pyridine) does not participate in 
the reaction with other than medium effects, that is, it does 
not serve as a reactant, e.g. a positive halogen transfer 
agent.
A very interesting situation occurs when the sulfides 
can yield diastereomeric N-tosylsulfilimines, since S-halo- 
sulfonium intermediates have also been proposed in sulfide 
oxidations to sulfoxides with halogenating agents. Reagents, 
such as tert-butylhypochlorite, bromine N-bromosuccinimide 
and in our case, aqueous sodium hypochlorite, all may give 
very high yields of sulfoxides via an S-halo derivative, 
formulated either as the free salt or the sulfurane. There­
fore, this situation suggests that some comparison can be
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made on a given substrate between the nature of the inter­
mediate in the reactions of the substrate with Chloramine-T 
to give sulfilimines and in its reactions with halogenating 
agents to give sulfoxides. The details of the stereochemical 
consequences of the reaction sequence (eq. 32) which may be




readily extended to the reactions of any nucleophiles with 
the intermediates have already been discussed in this thesis 
in the relation to the oxidation of 7_ with sodium hypochloride. 
Consideration has also been made of some of the kinetic and 
thermodynamic effects which may influence and perhaps compli­
cate the interpretation of the observed isomer distributions 
of the products. A similar composition of sulfilimine or 
sulfoxide isomers which have the same relative configuration 
might imply the same reaction intermediate for both reactions. 
Of course, some standardization of the reaction conditions is 
necessary prior to studies of this type. However, it was 
gratifying to note that the sulfoxide isomer distribution 
from the reaction of 1_ with sodium hypochlorite was quite 
similar to the configurational distribution of the sulfili­
mine isomers from the reaction of 1_ with the anhydrous 
Chloramine-T/DMF reagent. A full "inversion" of stereochem-
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istry was not observed in the latter case, but this may be 
due to the different reaction conditions especially with 
respect to the different solvents.
Thus, a continuation of these studies may eventually 
shed some light on the intermediates of these reactions. To 
our knowledge, no study, other than our own, has been made 
to determine the N-tosylsulfilimine isomer distributions from 
reactions of suitable substrates with Chloramine-T. In 
contrast, a large amount of data is available for the produc­
tion of diastereomeric sulfoxides by oxidations with positive 
halogen sources. It should be noted that the reactions of 7_ 
in "wet" pyridine (Table VII) gave very different isomer dis­
tributions when compared to the same reaction in "anhydrous" 
DMF (Table VIII) which only emphasizes the need for quanti­
tative, or at the least very high, yields of the sulfilimine 
isomers. It is felt that a similar reaction in "wet" DMF 
would not give a substantially different isomer distribution 
from the reaction in "wet" pyridine.
The N-tosylsulfilimine pairs 63a, 63b and 60a, 60b 
were separated by tedious column chromatography on silica 
gel and then were characterized by spectral and elemental 
analyses. Structure assignments to 6 3a and 6 3b were accom­
plished by an argument, based on their nmr spectra, already 
described for 60a and 60b. The migration rates of both 6 3a 
and 60a were faster over silica gel than those of their 
corresponding diastereomers. The former structures are con- 
figurationally analogous to the liquid sulfoxide 4 0 b , which
81
also showed a faster migration rate than its isomer. The 
sulfilimine isomers from .10 and 1_2 were not separated, al­
though their nmr spectra (as mixed isomers) were entirely 
consistent with their proposed composition. However, an nmr- 
based structure assignment to the mixed isomers of 12  ^could 
be accomplished by noting that the methyl signal of one of 
the isomers in the mixture was about twice as broad as the 
other methyl signal, assigned to the other isomer. Therefore, 
the isomer with the broadened methyl signal could be assoc­
iated with Structure A of Table Villa. In addition, 2-thia- 
spiro [3 . 5] nonane-N- (p-toluenesulfonyl) -sulfilimine (6j^ ) was 
prepared and characterized whereas an attempted preparation 
of the 2-thia-7-methylspiro[3.5]nonane-N-(p-toluenesulfonyl)- 
sulfilimine (67_) gave a noncrystalline gum.
Some of the above compounds were oxidized to the
corresponding sulfoximines with sodium permanganate. This
reaction is known to proceed with retention of configuration
37 111at the sulfur atom ' and may be illustrated for sulfili- 













sulfoximine isomer with the oxygen atom cis to the phenyl 
group; this structure may be derived from Structure B of 
Table Villa which is analogous to 6Ob by the addition of an 
oxygen atom as above. The sulfoximines were all character­
ized and some of the data from these sulfilimines and sulfox­
imines is collected in Table IX.
The sulfilimines 60a and 6Ob could be thermally equil­
ibrated and samples of either of the pure isomers which had 
been heated longer than 45 min at 165°C gave a roughly similar 
isomer distribution, which was approximately independent of 
longer heating times. A competing decomposition of the sul­
filimines, the extent of which varied between different runs, 
was a complicating factor in these equilibrations. The ex­
perimental technique did not permit the monitoring of one 
sample with increasing heating time. This decomposition 
introduced a considerable scatter in the amount of sulfili­
mines not decomposed after each run but it also, apparently, 
affected the observed distributions of 60a and 6Ob in the 
sample. It also became obvious that the temperature used was 
too high to permit a convenient study of the isomerizations. 
Nevertheless, it was of interest to obtain the equilibrium 
constant for the equilibration of the isomers and, at the 
same time, to obtain the individual isomerization rates of 
each of the isomers 60a and 6Ob.
A consideration of the isomerization-decomposition 
process suggested that the sulfilimine isomerizations, des­
cribed above, could be formally represented by Scheme VI
Table IX. Sulfoximines Derived from 3,3-Disubstituted Thietane Sulfilimines.
Sulfilimine Mp (°C)








60a 154-155 68a 81% 165-166b
174-175
6 0b 114-115 68b 67% 190-191
66 101.5-102.5 69 76% 137-138b
141-142
67 __ 70 66% 144-145
aThe yield represents crystallized material.
Melting-solidification-remelting sequences gave the two observed melting points. 











which would be mathematically equivalent to the two simul­
taneous first-order differential equations (eq. 34 and eq. 35)
d [A] =
dt
-(k^+k^)[A] + [B] (34;
= k ]_[A] - (k2+k4 ) [B] (35;
The solution of this system of equations to give the rate
constants k^ and k 2 , together with the equilibrium constant
K = (k,/k-) was obtained after rather involved mathematical
eq 1 2
operations both with the data and with the defining equations 
of the system. The details of the techniques used for the 
solution of this system are given in Appendix B.
The rate constants were found to be k^ = (3.2 + 0.3)
X 10-4 sec-1 and k 2 = (4.8 + 0.2) X 10 4 sec 1 for the thermal 
isomerization of the two sulfilimine isomers (eq. 36) 60a and
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60a 1-=- 6 0b (36)
k2
60b at 165°. These values give K = k-./k„ = 0.667 (or    ^ eq 1 2
k2//kl = 1-50) and suggest the equilibrium distribution of 
60a:60b at 165° to be 60%;40% respectively, with a G ° ^  = 
-0.353 kcal/mol between the two isomers (60a favored). The 
relative distributions of 60a and 60b (normalized to 100%) 
observed after equilibration times greater than 45 min were 
close to the equilibrium distributions of the isomers pre­
dicted by the kinetic data.
Sulfilimine isomer 60a is configurationally analogous 
to the sulfoxide isomer 40b and the equilibrium distributions 
of the sulfoxide and the sulfilimine isomers are consistent 
with a lower interaction between the 3-substituents of the 
thietane ring and the N-tosylimino group than between the 
same 3-substituents and the sulfinyl oxygen of the sulfoxides 
40a and 40b. Some experimental data on the conformational
energies between the sulfinyl oxygen and the N-tosylimino
112
group in the thiane system support thxs interpretation.
The kinetics of the thermal isomerization of some
113optically active N-tosylsulfilimines and N-acylsulflli- 
mines114 has been studied by other workers who have proposed 
a pyramidal inversion mechanism for this process. Rough 
extrapolation of their kinetic data (obtained around 100°) 
for S-methyl-S-(p-chlorophenyl)-N-(p-toluenesulfonyl)- 
sulfilimine (71_) gave a racemization rate constant of 
2.2 X 10~2 X 10-2 sec-1 for 71 at 165° from a plot of In k
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versus 1/T. Comparison of this value with the analogous
isomerization rates of 6 0a and 6Ob equivalent to =
-4 -18.0 x 10 sec showed that the racemization of 7_1 was about
30 times faster than the isomerization (as k-^  + of 60a
and 60b. This difference in rates may result from the
aromatic S-(p-chlorophenyl) substituent of 7JL absent in the
thietane derivatives. The racemization rate of an S,S-
dialkyl-N-acylsulfilimine was found to be much slower than
114the racemization rate of 7 1 .
The separation of the sulfilimines 60a and 60b was 
greatly facilitated by the discovery that 6 0a formed a very 
insoluble molecular complex with silver nitrate while 60b 
remained in the supernatant solution, presumably also as a 
complexed but soluble species. When a solution of the two 
sulfilimines 6 0a and 60b in a chloroform-benzene mixture was 
stirred with solid silver nitrate, a fine precipitate was 
deposited in the solution and examination of the supernatant 
solution by nmr showed that it now contained isomer 60b in 
greater than 93% purity. Isomer 60b could be readily regen­
erated from the filtered solution by treatment with aqueous 
sodium chloride. A similar treatment of the insoluble pre­
cipitate gave 60a and recrystallization of the recovered 
sulfilimines gave the separated pure isomers. However, 
isomer 60a, even after several recrystallizations, was unsuit­
able as the starting material for the thermal equilibrations 
of these sulfilimines because it decomposed on heating at a 
considerably faster rate than material which had not been
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treated with silver nitrate. The cause of this behavior was 
judged to be due to the presence of traces of silver species 
in the sulfilimine which could probably be removed, if 
necessary, by chromatography over silica gel. This treat­
ment was not necessary since isomer 6Oa could be obtained 
free of isomer 6Ob by preliminary crystallization prior to 
the silver nitrate treatment; isomer 6Ob did not show this 
behavior.
It was not convenient to analyze the adduct of 6Oa 
and silver nitrate (60a:AgNO^) because its extreme insolubil­
ity caused it to precipitate as the silver nitrate reacted. 
Therefore, any "correct" analysis of a mechanically separated 
sample might also be a fortuitous artifact. Attempts to 
crystallize this precipitate from methanol-toluene mixtures 
indicated that at times the deposited crystals were free from 
silver and suggested that a delicate balance of solubility 
relationships and complexing equilibria governed the compo­
sition of the product. Behavior of this type might be ex­
pected in relatively weak complexes. An infrared spectrum 
of 60a:AgNCQ, mechanically separated from the coarse silver 
nitrate crystals, was similar to the spectrum of the free 
sulfilimine 6 0a but showed that the strong S=N absorption at 
970 cm in 6 0a now appeared at 933 cm  ^ (Av = 37 cm "*") . The 
material melted at 153-154° with strong darkening and evolu­
tion of brown fumes; the mp of 6 0a is 154-155°.
In order to circumvent these difficulties and still 
obtain additional data on these complexes, S-ethyl-S-phenyl- 
N-(p-toluenesulfonyl)-sulfilimine (560 was chosen to serve as
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a model system for the sulfilimine-silver nitrate adducts.
In this case, the adduct of 56^  and silver nitrate (56 : AgNO^)
was somewhat more soluble, and the formation of the complex
was apparently much faster than its rate of crystallization,
a fact which permitted separation of unchanged silver nitrate
prior to the isolation of the adduct. Analysis of this
product (C,H,N) agreed very closely with a 1:1 composition
of 56^ and silver nitrate. The melting point of 5j5:AgNO^ at
130-131° was quite different from the melting point of 56
115(98-99°) or of silver nitrate (212°). Shortly after melt­
ing, the adduct decomposed, as evidenced by the evolution of 
brownish fumes and foaming. However, the material did not 
discolor and it remained clear and colorless even after the 
decomposition seemed complete. The infrared spectrum of 5 6 : 
AgNO^ showed that the S=N band was displaced from 972 cm  ^
in 5_6 to 906 cm in the adduct ( A v  = 66 cm , while the 
rest of the spectrum remained similar to that of the free 
sulfilimine. The nmr spectrum of the complex also showed 
striking differences from that of the free sulfilimine.
Thus, the absorptions of 5j5gAgNO^ were shifted downfield 
with respect to the absorptions of 56_; the greatest effect 
was observed for the aromatic protons (6 56gAgNO^ - 6 56^
= 0.27) and for the methylene group adjacent to the sulfur 
atom (6 5_6:AgN03 - 6 _56 = 0. 38). In addition, the methylene 
quartet of 5j^  now appeared as a multiplet, an indication that 
the accidental magnetic equivalence of the two diastereotopic 
protons had been removed. This latter effect could be greatly
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enhanced by the successive addition of benzene to the sample; 
the multiplet was finally separated into two distinct over­
lapping octets at 52.99 and at 53.17. Kucsman and co- 
workers'*'^ had noted that benzene alone did not remove the 
accidental degeneracy of the diastereotopic methylene protons 
of 5J5, an observation also consistent with our own observations.
It was quite surprising to realize that N-tosylsulfil- 
imines formed adducts with silver nitrate because at the time 
there were no published reports of any metal-sulfilimine 
complexes. Examination of the nmr spectra of solutions of
N-tosylsulfilimines and a lanthanide shift reagent had led
117 . •Nielsen and Kjaer to conclude that no specific association
existed between the nitrogen atom of the N-tosylsulfilimine
and the lanthanide. However, complexes of palladium (II)
and platinum (II) with S ,S-dimethy1-N-benzoylsulfilimine (72)
118have been reported recently. These authors concluded that
the metal atom was coordinated to the nitrogen atom because 
the infrared frequency of the C=0 bond was shifted to higher 
frequencies upon complexation with the metal. Coordination 
of the metal to the nitrogen would be expected to reduce the 
importance of the contribution of the canonical structure 13_ 
to the spectrum to give the observed shift of the carbonyl 
function. Unfortunately, these authors did not include a 










The infrared spectra of the adducts of N-tosylsul-
filimines with silver (I) suggested that the metal atom in
these compounds was also associated with the nitrogen atom.
The shift of the S=N frequency to lower values in these
adducts was analogous to the shifts observed in the sulfoxide-
119metal complexes bonded through the sulfinyl oxygen. Metal
complexes with the sulfur atom of the sulfoxide show a shift
120to higher frequencies of the S=0 absorption. The nmr
absorptions of SjBgAgNO^ and the observed benzene induced 
shifts in this compound also support this bonding situation, 
in which the sulfur atom becomes more positive because of 
the complexation of the metal through the nitrogen atom as 
shown below for 56:AgNO^.
Ph Ts
5 6 :AgNQ3
Signals from both complexed and uncomplexed species 
of 72 were observed in the nmr spectra of the palladium com­
plex. This was not observed in the case of 5^:AgN0^ which 
suggests a rapid (relative to the nmr time scale) exchange of
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the ligand with Ag (I) ions. These N-tosylsulfilimine com­
plexes with the silver ion may probably be best regarded as
the acid-base adducts of the "soft" Ag (I) acid with the 
121substrate. Clearly, the partial tentative structure,
proposed above for ^rAg N O ^ ,  leaves out many important 
structural details; these can be obtained only from a com­
plete X-ray structure determination.
These molecular complexes of sulfilimines with silver 
nitrate, and by extension, with other silver salts, are very 
interesting from a chemical viewpoint and they may eventually 
have a potential for technological and medicinal (biochemical) 
applications. It would be of interest (1) to know their exact 
structures; (2 ) to know the strength of these complexes and 
to correlate this data with the structures of the sulfilimines 
and perhaps, with the silver salt used; (3) to investigate 
the use of a silver salt of a chiral acid, e.g. silver d- 
camphorsulfonate, as a resolving agent for sulfilimines;
(4) to investigate their potential as nmr shift reagents for 
sulfilimines, in particular, for the determination of enan­
tiomeric purities of chiral sulfilimines by nmr, and (5) to 
investigate their "chemistry" as, for instance, in the study 
of the thermolysis of the sulfilimine-silver nitrate adducts. 
Unfortunately, this outlined work was beyond the scope of 
the present thesis. Finally, the fact that these complexes 
contain silver immediately suggests their potential for
application to photography. Other "soft" acids, notably 
+ 2Hg , may also form similar adducts which may find applica­
tion in medicine (biochemistry).
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EXPERIMENTAL
Instrumentation. The nmr spectra were obtained on 
a Varian A-60 or a JEOLCO HM-100 spectrometer and, unless 
noted otherwise, are recorded in ppm downfield from an in­
ternal TMS standard. The ir spectra were obtained on a 
Perkin-Elmer Model 337 grating infrared spectrophotometer.
The nmr and the ir spectra of new compounds are reproduced 
in Appendix C. Melting points were determined on a Hoover 
Uni-Melt capillary melting point apparatus and are uncorrected. 
The recorded boiling points are also uncorrected. Micro­
analyses were performed by Mr. Ingo Hartmann, Ms. Linda 
Heavner, Ms. Gail Lambert and Ms. Deanna Cardin on an F&M 
Model 185 carbon, hydrogen and nitrogen analyzer; some 
analyses were performed by a commercial firm (Schwarzkopf 
Labs) and these are noted in the text.
Materials. Thin layer chromatography was performed 
on commercial (Brinkmann Instruments, Inc., Westbury, N. Y.) 
sensitized, silica gel-pre-coated sheets (Polygram Sil 
S-HR/UV254)- Column chromatography, unless indicated other­
wise, was performed on silica gel powder, 60-200 mesh (Baker, 
3405). The starting materials, solvents and other chemicals 
were purchased from common commercial sources and were used 
as such, unless indicated otherwise. Anhydrous ether and 
benzene were stored over sodium wire. The dimethyl sulfoxide 
(Eastman, 13034) and the N ,N-dimethyIformamide (Eastman, 13023), 
used in this work, were reagent grade materials.
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I . Preparation of Propane-1,3-diols
Preparation of 2-Carboalkoxy-3-methy1-3-phenyloxiranes 
(74) by the Darzens Condensation. Method 1. To a cooled and 
stirred mixture (ice bath) of 160.0 g (1.33 mol) of aceto- 
phenone and 164.0 g (1.34 mol) of ethyl chloroacetate was 
added dropwise a solution of 31.0 g (1.35 g-atom) of metallic 
sodium in 500 ml of absolute ethanol at such a rate as to 
maintain the reaction temperature below 15°. When the addi­
tion was completed, the reaction mixture was allowed to stand 
overnight at room temperature and then was poured into water 
and extracted several times with benzene. The combined benzene 
layers were washed with water, dried (MgSO^), and concentrated 
in vacuo on a rotary evaporator. Upon distillation of the 
residue, there was obtained 187.7 g (68% yield, based on 
acetophenone) of the glycidic esters 74_, bp 90-105° (0.6 m) ,
(lit."*"^ bp 107-113° at 3 mm). The nmr spectrum (6889 , neat) 
was consistent with the proposed structure and indicated that 
the material was a mixture of diastereomeric glycidic esters; 
nmr signals at 63.17 and 63.40 correlated well with the ex­
pected chemical shift for protons on an oxirane ring.
Method 2 . To a stirred and cooled (ice bath) mix­
ture of 240.0 g (2.0 mol) of acetophenone and 245.0 g (2.0 
mol) of ethyl chloroacetate was added over a period of one 
hour the solids obtained by dissolving 46.0 g (2.0 g-atom) of 
metallic sodium in 1.5 I  of isopropyl alcohol. The reaction 
temperature remained at 15-20°. When the addition was 
completed, the reaction mixture was stirred for an additional
94
2 hr at room temperature and then was filtered from the in­
soluble salts; the solids were washed well with isopropyl 
alcohol and the combined alcohol fractions were concentrated 
in vacuo on a rotary evaporator. From the residue there was 
obtained upon distillation 369.3 g (90% yield as the ethyl 
ester, 84% yield as the isopropyl ester) of the mixed ethyl 
and 2-propyl esters of 7_4, bp 75-95° (0.2 mm) .
Preparation of Hydratropaldehyde. To a solution of 
369.3 g (1.79 mol as the ethyl ester of 7j4, 1.68 mol as the 
2-propyl ester of 74) of the mixed ethyl and propyl esters 
of 74 (Method 2 above), in 1 liter of isopropyl alcohol was 
added slowly and with swirling, a solution of 72.0 g (1.80 
mol) of sodium hydroxide in 100 ml of water. The reaction 
was stored overnight and then the solvent was removed in 
vacuo on a rotary evaporator to give the white solid sodium 
glycidates of 7_4. These salts were dissolved in 500 ml of 
water and then, over a period of 1 hr, 170 ml (2.0 mol) of 
concentrated hydrochloric acid (37%) was added to the stirred 
solution. After the addition, the reaction mixture was 
heated for 1.5 hr on the steam bath. The cooled mixture 
was extracted several times with n-pentane, the combined n- 
pentane layers were washed with water, dried (MgSO^), fil­
tered and concentrated in vacuo on a rotary evaporator. 
Distillation of the residue gave 182.5 g (79% average yield 
based on a 1:1 mixture of the esters) of hydratropaldehyde, 
bp 83-85° (13 mm), (lit.J "^ bp 90-93° at 10 mm). A 2,4-
dinitrophenylhydrazone derivative was obtained after crys-
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tallization from acetic acid as a yellow solid, mp 135-136°, 
(lit.51 mp 135°).
The infrated spectrum of the hydratropaldehyde (10632, 
film) was entirely consistent with the proposed structure and 
matched exactly the published spectrum of this compound, 
Sadtler 16244 .
Another preparation of hydratropaldehyde in which the 
potassium salts of the glycidic acids, obtained from 187.7 g 
(0.91 mol) of 7_4 in a manner similar to the above, were added 
to the mixture of water (600 ml) and 37% hydrochloric acid 
(112 ml, 1.3 mol of HC1) gave hydratropaldehyde in 51% yield.
Preparation of 2-Methyl-2-phenylpropane-l,3-diol (75) 
by the Tollens Condensation. A mixture of 181.0 g (1.35 
mol) of hydratropaldehyde, 420.0 g (5.6 mol) of an aqueous 
formaldehyde solution (40%), 135.0 g (0.98 mol) of anhydrous 
potassium carbonate, 400 ml of ethanol and 120 ml of water 
was refluxed for 5 hr. The solvent was then removed iri vacuo 
on a rotary evaporator, and the residue was extracted several 
times with methanol. The combined and filtered methanol ex­
tract was concentrated iri vacuo on a rotary evaporator and 
the residue was recrystallized from benzene. After two days, 
the deposited solids were collected, washed with cyclohexane 
and air-dried to give 83.4 g (37%) of 75_. The low yield may 
be due to the poor quality of the formaldehyde used for this 
experiment since it had deposited solids. Attempts at ob­
taining additional diol from the mother liquors were un­
successful .
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A 5.0-g portion of 7_5 was recrystallized from benzene 
to give 4.4 g of crystalline solids, mp 85-86°, (lit.'*'^3 mp
88°, l i t . ^ ^  mp 84°). The mixture melting point of the above 
material with 7_5 prepared from the reduction of diethyl 
methylphenylmalonate was 85-86°. The infrared spectrum 
(10648; KBr) showed a very small carbonyl absorption. There­
fore, a small sample of the diol was dissolved in ether, 
filtered and precipitated with n-pentane. The infrared 
spectrum of this material (10649; KBr), mp 85-86°, showed 
the absence of the carbonyl functionally and was entirely 
superposable on the spectrum of the diol obtained from di­
ethyl methylphenylmalonate.
Preparation of Diethyl Methylphenylmalonate. To a 
solution of 9.2 g (0.40 g-atom) of metallic sodium in 250 ml 
of absolute ethanol was added 95.0 g (0.40 mol) of diethyl 
phenylmalonate. To this stirred mixture was then added 
dropwise, over a period of 1 hr, 56.8 g (0.40 mol) of methyl
iodide. When the addition was completed, the reaction was
briefly brought to reflux and then was stored overnight at 
room temperature. The reaction was poured into water, ex­
tracted several times with n-heptane; and the combined
heptane layers were washed first with a sodium sulfite
solution and then with water, dried (MgSO^), and filtered.
The solvent was removed in vacuo on a rotary evaporator to 
yield 97.3 g (97%) of the crude diethyl methylphenylmalonate.
Reduction of Diethyl Methylphenylmalonate. To a 
stirred mixture of 17.7 g (0.47 mol) of lithium aluminum 
hydride and 400 ml of freshly distilled, dry tetrahydrofuran
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under nitrogen was added 97.3 g (0.39 mol maximum) of the 
crude diethyl methylphenylmalonate at a rate to maintain a 
gentle reflux. The reaction mixture was allowed to stand 
overnight; and then the excess of lithium aluminum hydride 
was decomposed by the cautious, successive addition of 18 ml 
of water, 18 ml of 15% aqueous sodium hydroxide, and 54 ml 
of water. The precipitated solids were removed by filtration 
and washed with ether. The combined ether and tetrahydro- 
furan solutions were concentrated in vacuo on a rotary 
evaporator to give 58.1 g of an oil which readily solidified. 
From this crude diol, there was obtained upon recrystalliza­
tion from 800 ml of a cyclohexane-carbon tetrachloride 
mixture (3:1), 43.6 g (66%, based on diethyl phenylmalonate) 
of the crystalline, 2-methyl-2-phenylpropane-l,3-diol, mp 
84-85.5°. A small portion of this diol was recrystallized 
from water to give a sample of 7_5 with mp 85-86°. The 
infrared spectrum (10645, KBr) and the nmr spectrum (10032) 
of this material were entirely consistent with the proposed 
structure. The nmr data for 7_5 are summarized in Table X 
at the end of this section.
Preparation of 2-Phenylpropane-l, 3-diol (7_6) by the 
Reduction of Diethyl Phenylmalonate. To a vigorously stirred 
(high-torque mechanical stirrer) mixture of 30.0 g (0.79 mol) 
of lithium aluminum hydride in 500 ml of ether was added 
dropwise 100.0 g (0.42 mol) of diethyl phenylmalonate at a 
rate to maintain a gentle reflux. After storage overnight,
98
the reaction mixture was stirred for 2 hr, and then the 
excess lithium aluminum hydride was decomposed with ethyl 
acetate, followed by a solution of 20% sodium hydroxide. 
Because the precipitated hydroxides gave an unmanageable 
emulsion, the whole reaction mixture was treated with acetic 
and hydrochloric acids until most of the solids had dissolved. 
The mixture was filtered, the organic layer was separated, 
and the aqueous layer was extracted several times with ethyl 
acetate; the combined organic layers were washed once with a 
saturated aqueous sodium chloride solution, dried (MgSO^) and 
concentrated in vacuo on a rotatory evaporator to yield 4 0.0 
g of a thick oil. Upon distillation there was obtained 26.6 
g (41%) of the 2-phenylpropane-l,3-diol as a thick oil, bp 
130-131° (0.25 mm), (lit.^ bp 136-137° at 2 mm). After 
several weeks the oil solidified to a low-melting solid. A 
bis-phenylurethane derivative was obtained after recrystall­
ization from benzene, mp 137-138°, (lit."*-^  mp 136 . 5-138°).
The infrared spectrum (9263, film) and the nmr spectrum 
(10527) of the diol were entirely consistent with the 
proposed structure. The nmr data for 76^  are summarized in 
Table X at the end of this section.
Preparation of 2-Carboalkoxy-3-p-bromophenyl)-3- 
methyloxiranes (77) by the Darzens Condensation. The con­
densation was performed in a manner similar to Method 2 
used in the preparation of the mixed ethyl and 2-propyl 
esters of the glycidic esters 74. The reaction mixture
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(maximum reaction temperature 35°) from 51.2 g (0.26 mol) of 
p-bromoacetophenone, 4 5.0 g (0.37 mol) of ethyl chloroacetate 
and sodium isopropoxide [from 7.7 g (0.34 g-atom) of metallic 
sodium in 300 ml of isopropyl alcohol] was poured without 
cooling into 1 I  of water and extracted with methylene 
chloride. The concentration of the combined and dried (MgSO^) 
methylene chloride extracts afforded 89.0 g of an oil. Dis­
tillation of this oil gave 73.8 g (100% yield as the ethyl 
ester, 95% yield as the 2-propyl ester) of 77_, bp 118-124° 
(0.35 mm), (lit.'^~* bp of the ethyl ester 137-140° at 1.5 mm). 
The nmr spectrum of this product (9449, CCl^) was consistent 
with the proposed structure and indicated that the material 
was primarily a mixture of the isopropyl esters of the di- 
astereomeric glycidic acids. Nmr signals at 63.27 (s) and
at (S3. 53 (s) correlated well with the expected chemical
shifts for hydrogens on an oxirane ring. The infrared 
spectrum (10178, film) was consistent with an ester structure.
Preparation of p-Bromohydratropaldehyde (7_8) . To a 
solution of 17.0 g (0.26 mol) of potassium hydroxide (86% KOH 
content) in 200 ml of ethanol and 15 ml of water was added, 
with swirling, over a period of 0.5 hr, 73.8 g (0.26 mol as 
ethyl ester, 0.25 mol as isopropyl ester) of the glycidic 
esters derived from p-bromoacetophenone. After an additional 
0.5 hr, the solvent was removed in. vacuo on a rotary evapor­
ator. To a solution of the residual white solids in 200 ml 
of water (stirred) was added 35 ml (0.36 mol) of concentrated, 
aqueous hydrochloric acid (37%); and after the initial gas
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evolution had subsided (0.5 hr), the reaction mixture was 
heated on the steam bath for 0.5 hr. The cooled reaction 
mixture was extracted with benzene, the combined benzene 
layers were washed with water, dried (MgSO^), filtered; and 
the solvent was removed in vacuo on a rotary evaporator.
From 53.2 g of residual oil, there was obtained upon distil­
lation 30.1 g (55% based on p-bromoacetophenone) of p-bromo- 
hydratropaldehyde, bp 149-151° (10 mm), (lit.125 bp 98-100°
at 2 mm). The infrared spectrum (10188, film) was consistent 
with the aldehyde structure. The nmr spectrum (9463, 9464) 
was consistent with the aldehyde structure; very small im­
purity peaks could be seen close to the methyl absorption of 
the aldehyde. A 2,4-dinitrophenylhydrazone was obtained 
after one crystallization from ethanol and a second re­
crystallization from acetic acid as golden-yellow plates, 
mp 123-125° (lit.125 mp 123-124°).
Preparation of 2-p-Bromophenyl-2-methylpropane-l,3- 
diol (2JH by the Tollens Condensation. The Tollens conden­
sation of p-bromohydratropaldehyde under the same reaction 
conditions as those used in the preparation of 75_ from 
hydratropaldehyde gave the diol 21_, mp 83-87° in only 45% 
yield. Therefore, the condensation was performed with sodium 
hydroxide catalysis.
To a vigorously stirred mixture of 52.1 g (0.24 mol) 
of p-bromohydratropaldehyde, 7 0 g (0.89 mol) of an aqueous 
formaldehyde solution (38%), and 25 ml of ethanol was added 
dropwise over a period of 0.5 hr a solution of 12.0 g (0.30
ini
mol) of sodium hydroxide in 15 ml of water; the reaction was 
very exothermic. After the sodium hydroxide solution had 
been added, the reaction mixture was stirred for 2 hr (with 
cooling); then approximately 3 g of additional sodium hydroxide 
was added and the mixture was heated on the steam bath for 1 
hr. To the cooled reaction mixture was added 100 ml of 
water and 50 ml of carbon tetrachloride, and the mixture was 
seeded with the diol obtained in the previous preparation.
After the slow crystallization was allowed to proceed over­
night, the deposited solids were collected by filtration and 
dried to yield 45.9 g (77% yield) of a white powder, mp 82- 
8 6 ° .
The combined diols from both preparations (61.4 g) 
were recrystallized from 350 ml of carbon tetrachloride to 
give 53.3 g of the white crystalline diol 2_7, mp 85-86.5°.
The infrared spectrum (11126, KBr; Appendix C) and the nmr 
spectrum (9556, 9556A, CDCl^; Appendix C) were entirely con­
sistent with the proposed structure; the nmr data are also 
summarized in Table X of this section. A small sample of 
the above material was recrystallized once more from chloro­
form to give a sample for analysis, mp 86-87°.
Anal. Calcd for C ^ g H^ErC^ (mol wt 245. 12): C,
49.00; H, 5.34. Found: C, 48.92; H, 5.48.
Preparation of Dialkyl Esters of Isopropylphenyl- 
malonic Acid. To the solid formed by dissolving 7.0 g 
(0.30 g-atom) of metallic sodium in 250 ml of anhydrous 
isopropyl alcohol was added 47.3 g (0.20 mol) of diethyl
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phenylmalonate (this caused the liquefaction of the mixture) 
and 37.0 g (0.30 mol) of 2-bromopropane. This mixture was 
stirred and refluxed for a total of 3 0 hr in approximately 
5-8 hr increments, and additional small portions of 2-bromo­
propane (to a total of about 5 ml) were added during the 
reflux period to offset possible losses through volatiliza­
tion. Because at the end of this time the reaction was 
approximately neutral, the reaction mixture was poured into 
1 liter of water, extracted several times with ether and 
the combined ether layers were washed with water, dried 
(MgSO^), and the solvent was removed in vacuo to yield 49.6 
g of a light yellow oil. Distillation afforded 32.4 g of an 
oil, bp 100-110° (0.25 mm). The nmr spectrum (9092) indi­
cated absence of a dialkyl phenylmalonate and corresponded 
to a mixture of isopropyl and ethyl esters of isopropyl- 
phenylmalonic acid. The infrared spectrum (9980) was con­
sistent with an ester structure.
A similar reaction was performed with 15.8 g (0.69 g- 
atom) of metallic sodium, 106.3 g (0.45 mol) of diethyl 
phenylmalonate, 86.1 g (0.70 mol) of 2-bromopropane, 1.6 g 
of potassium iodide and 600 ml of anhydrous isopropyl alcohol. 
After a total reflux time of 23 hr (two increments of 9 and 
14 hr), the reaction tested approximately neutral. After 
distillation there was obtained 80.6 g of an oil, bp 125- 
140° (1.8 m m ) .
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Preparation of 2-Phenyl-2-(2-propyl)-propane-1,3- 
diol (26_) by the Reduction of the Dialkyl Esters of Isopro- 
pylphenylmalonic A c i d . To a vigorously stirred mixture of
15.0 g (0.40 mol) of lithium aluminum hydride in 500 ml of 
dry tetrahydrofuran was added, over a period of 2 hr, 80.6 
g of the mixed esters of isopropylphenylmalonic acid; the 
reaction was moderated by a water bath at 25°. After a 
reflux period of 0.5 hr, the mixture was cooled to room 
temperature, and the excess of the lithium aluminum hydride 
was decomposed by the successive additions of 15 ml of water, 
15 ml of 15% aqueous sodium hydroxide, and 45 ml of water.
The tetrahydrofuran solution was filtered from the precipi­
tated solids, the solids were washed well with ether and the 
combined solvent layers were concentrated iri vacuo on a 
rotary evaporator to yield 45.8 g of a thick oil. The 
infrared spectrum (10009, film) of this material showed 
essential absence of the carbonyl functionality, but the nmr 
spectrum (9141) indicated that 32 mol % of the product was 
2-phenylpropane-l,3-diol. Another similar reduction gave 
the same result.
The crude diol mixture (53.7 g) was treated with 
five 50-ml portions of hot water, after which time no more 
2-phenylpropane-l,3-diol was present in the water-insoluble 
oil. Careful distillation of this oil gave 23.5 g (21% yield 
based on starting diethyl phenylmalonate) of 26^  as a very 
viscous oil, which solidified after two weeks, bp 119-120° 
(0.15 mm), mp 50-55°. The nmr spectrum (9157) was consistent
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with the structure 26g minor impurity peaks could be observed 
near the methyl doublet, but no absorptions due to 2-phenyl­
propane-l , 3-diol were present.
A 1.0-g portion of 26^  was recrystallized from n- 
heptane-cyclohexane (8:1) to yield 0.17 g of white needles, 
mp 56-57°, ir (11132, KBr; Appendix C). An nmr spectrum 
(9433; Appendix C) was entirely consistent with the proposed 
structure and showed no extraneous peaks; the nmr data are 
summarized at the end of this section in Table X. A small 
sample of the recrystallized diol 2j6 was sublimed for analysis.
Anal. Calcd for ^2.2^18^2 wt 194.26) : C, 74.19;
H, 9.34. Found: C, 74.26; H, 9.40.
Preparation of 2-Methyl-2-nitropropane-l,3-diol (79) 
by the Tollens Condensation. To a stirred mixture of 56.3 g 
(0.75 mol) of nitroethane and 0.1 g of hydrated calcium oxide 
was added dropwise 12 3.0 g (1.50 mol) of an aqueous formalde­
hyde solution (36.6%). The reaction temperature was main­
tained at 25-30° by cooling the reaction in an ice bath and by 
regulating the addition rate. After addition the reaction 
mixture was stored overnight and then the dissolved calcium 
ions were precipitated with carbon dioxide gas. The filtered 
solution was concentrated iri vacuo on a rotary evaporator.
Upon crystallization of the residual solids from 700 ml of a 
chloroform-ethanol (7:1) mixture, there was obtained 88.0 g
12 6
(65%) of 2-methyl-2-nitropropane-l,3-diol, mp 150-152°, (lit. 
mp 149-150°). The nmr spectrum of this material was entirely 
consistent with the proposed structure.
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Preparation of 3-Cyclohexene-l,1-dimethanol (8C0 by 
the Tollens Condensation. A mixture of 140.0 g (1.27 mol) of 
freshly distilled (bp 90° at 75 mm) 3-cyclohexene-l-carboxal- 
dehyde, 270 g (3.33 mol) of an aqueous formaldehyde solution 
(37%), 88.0 g (0.64 mol) of anhydrous potassium carbonate, 250 
ml of ethanol, and 75 ml of water was stirred at room tempera­
ture for 2 hr and then refluxed for 6 hr. The solvent was 
removed in. vacuo on a rotary evaporator and the residual oil 
and solids were extracted several times with acetone; the 
combined acetone extracts were filtered and concentrated in 
vacuo on a rotary evaporator. Upon crystallization of the 
residual oil from 500 ml of methylene chloride, there was 
obtained 159.0 g (88%) of the 3-cyclohexene-l,1-dimethanol.
A portion of 8_0 (88.0 g) was recrystallized from 350 ml of
water to give 80.5 g (91%) of 8_0 as white needles, mp 91-92°, 
(lit.^^^ mp 92.5°), ir (11128, KBr). The nmr spectrum of 
this material (6829, 6830) was entirely consistent with the 
structure and the nmr data are summarized in Table X at the 
end of this section.
Preparation of Cyclohexane-1,1-dimethanol (8JL) by 
Reduction of 3-Cyclohexene-l, 1-dimethanol (8_0) . To 30.0 g 
(0.21 mol) of 3-cyclohexene-l,1-dimethanol was added 0.7 g 
of 10% palladium on charcoal and 150 ml of ethanol. This 
mixture was then transferred to a Parr Hydrogenation Appar­
atus, covered with a hydrogen pressure (40 psig hydrogen 
initial) and shaken until the hydrogen uptake ceased; after
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45 min the theoretical hydrogen uptake had been reached, and 
after a 1.25 hr total reaction time the reaction was stopped. 
The solution was filtered from the catalyst and the solvent 
was removed iri vacuo on a rotary evaporator. Upon crystalli­
zation of the residue from 500 ml of water, there was obtained
23.0 g (76%) of cyclohexane-1,1-dimethanol, mp 96.5-98°,
(lit.^"^ mp 97-97.5°). The infrared spectrum (11127, KBr) and 
the nmr spectrum (10528) of this material were entirely con­
sistent with the proposed structure. The nmr data for 81 are 
summarized in Table X at the end of this section.
Preparation of Isopropyl Chloroacetate. A mixture 
of 240 g (2.54 mol) of chloroacetic acid, 0.15 g of toluene- 
sulfonic acid hemihydrate, 300 ml of isopropyl alcohol, and 
200 ml of benzene was refluxed; the water produced in the 
reaction was removed through the use of a Dean-Stark trap.
When water production ceased, the flask was fitted for dis­
tillation and 273.5 g (79%) of isopropyl chloroacetate was
12 9collected, bp 153-157° (atmospheric pressure) (lit. bp 
147-155°).
The Preparation of l-Oxa-2-carboisopropoxy-4-methyl- 
spiro [2 . 5] octanes (8_2) by the Darzens Condensation. The 
reaction was performed in a manner similar to Method 2 for 
the preparation of 74_. Thus, to a vigorously stirred mixture 
of 136.5 g (1.0 mol) of isopropyl chloroacetate and 108.0 g 
(0.96 mol) of 2-methylcyclohexanone was added, over a period 
of 2 hr, portions of the solid obtained by dissolving 26.0 g 
(1.13 g-atom) of metallic sodium in 700 ml of isopropyl alcohol.
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The addition rate was regulated to maintain the reaction 
temperature below 35° (no external cooling, however). The 
mixture was stirred overnight and then was filtered and con­
centrated in vacuo on a rotary evaporator. The oily residue 
was dissolved in ether, washed with water, dried (MgSO^), 
filtered and concentrated in vacuo on a rotary evaporator.
Upon distillation of the residue there was obtained 131.6 g 
(64%) of the glycidic ester, l-oxa-2-carboisopropoxy-4- 
methylspiro[2.5]octane, bp 91-100° (0.8 mm). The infrared
spectrum (11155, film) was consistent with an ester structure. 
The nmr spectrum (10545) was consistent with a mixture of 
diastereomeric glycidic esters; nmr signals at 6 3 . 2 3  (s) and
at 63.35 (s) (neat), (total of both signals integrated for
1H), correlated well with the expected chemical shift for 
hydrogens on an oxirane ring.
Preparation of 2-Methylcyclohexane-l-carboxaldehydes.
A 130.0 g portion (0.61 mol) of the mixed isopropyl glycidic 
esters (82 was hydrolyzed with potassium hydroxide (0.61 mol) 
in a manner similar to that described in the preparation of 
78, except that the reaction mixture was stored overnight.
The solid potassium glycidates derived from 8_2, obtained as 
before, were washed with methylene chloride and then were 
dissolved in 700 ml of water. To this solution was added a 
cold solution of 39.5 g (0.38 mol) of concentrated sulfuric 
acid (95%) in 200 ml of water. The precipitated oil, pre­
sumably consisting of the free glycidic acids derived from 
82, was extracted into ether and the combined ether extracts
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were washed once with a saturated sodium chloride solution, 
dried (MgSO^) and concentrated to yield 119.0 g of a thick 
oil.
A mixture of this oil and 100 ml of pyridine was 
distilled to dryness. The distillate was poured into 600 ml 
of water and this mixture was extracted several times with 
n-pentane; the combined n-pentane layers were washed several 
times with water, dried (MgSO^), filtered and concentrated 
in vacuo on a rotary evaporator to give 66.5 g (86% yield 
based on 100% aldehyde content) of an oil, presumably the 
crude, mixed 2-methylcyclohexanecarboxaldehydes. This 
aldehyde-containing oil was used directly in the Tollens 
condensation.
Preparation of 2-Methylcyclohexane-l,1-dimethanol 
(83) by the Tollens Condensation. The diol was prepared in 
the same way as the analogous preparation of 7_5 from hydra- 
tropaldehyde. Thus, from 66.5 g (0.53 mol maximum aldehyde 
content) of the crude, mixed 2-methylcyclohexane-l-carboxal- 
dehydes, prepared above, there was obtained on workup with 
acetone 97.5 g of a thick oil. Vacuum distillation gave 
37.1 g (38% yield based on the glycidic esters %2) of an oil 
which readily solidified. The bp could not be determined 
with any certainty because formaldehyde was evolved during 
the distillation and a stable vacuum could not be obtained.
A 5.2 g portion of the distilled diol 83^  was recrystallized 
from 200 ml of water to give 2.0 g of pure 8^ 3, mp 80.5-81.5° 
(lit.'*-'^ mp 77°); ir spectrum (11131, KBr) was entirely con­
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sistent with the proposed structure. The nmr spectra were 
also completely consistent with the proposed structure (10487, 
10488) , and a summary of the nmr data for 83_ is given in 
Table X at the end of this section.
Preparation of l-Oxa-2-carboalkoxy-5-methylspiro- 
[2. 5(octanes (8_4) by the Darzens Condensation. The prepar­
ation of the ethyl ester of 8_4 was accomplished in the same 
way as in Method 1 described under the preparation of 74 
with 84.0 g (0.75 mol) of 3-methylcyclohexanone. The crude 
ester (133.0 g) was distilled to give 93.9 g (64% yield based 
on the ketone) of the ethyl ester of 84_, bp 87-94° (0.4-0.7
mm), (lit.~’(^a bp 155° at 44 mm). The nmr spectra (6262 , 6263) 
were consistent with a mixture of diastereomeric glycidic 
esters; the singlet at 63.25 of the neat ester became resolved 
into two singlets at 6 3.19 and at 6 3.24 in benzene. The 
chemical shift of these absorptions correlated well with the 
expected chemical shift for protons on an oxirane ring.
Another preparation by Method 2 described under the 
preparation of 74_, but without external cooling (35° maximum 
temperature) after distillation, gave in 90% yield the mixed 
alkoxy esters of 8_4, nmr (8271).
Preparation of 3-Methylcyclohexane-l-carboxaldehyae. 
Method 1 . To a solution of 18.8 g (0.47 mol) of sodium 
hydroxide in 200 ml of methanol and 50 ml of water was added 
93.5 g (0.47 mol) of the ethyl esters of the glycidic acids 
derived from 3-methylcyclohexanone, in several portions and 
with swirling; the solution warmed to about 35°. The reac­
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tion was allowed to cool to room temperature, and then the 
solvent was removed in vacuo on a rotary evaporator. The 
residual solids were dissolved in 200 ml of water, and then 
45 ml (0.54 mol) of concentrated hydrochloric acid (37%) was 
added. The glycidic acids were extracted into methylene 
chloride, washed with saturated aqueous sodium chloride, dried 
(MgSO^), filtered and concentrated in vacuo on a rotary evap­
orator to yield 94.0 g of a thick oil. Decarboxylation, 
effected by heating the crude acids approximately to 200°, took 
place readily and water and the aldehyde distilled, bp about 
180°. The water-insoluble oil was separated to yield 37.0 g 
(62% based on the glycidic ester) of aldehyde.
Method 2 . To a solution of 43.7 g (0.67 mol) of 
potassium hydroxide (86.5%) in 300 ml of ethanol (95%) was 
added portionwise with swirling 133.2 g (0.67 mol) of the 
ethyl esters of the glycidic acids derived from 3-methylcyclo- 
hexanone (the temperature rose to about 40°); after the 
addition, the solvent was removed in vacuo on a rotary evap­
orator. To a stirred solution of the residual salts in 500 
ml of water was added 36.0 g (0.35 mol) of concentrated 
sulfuric acid (95.0%), and the mixture was steam distilled 
until no more oil came over. The distillate was saturated 
with sodium chloride and the oil was separated to give 24.8 g 
(29%) of aldehyde-containing product.
Method 3. This method has already been described in 
detail under the preparation of 2-methylcyclohexane-l-carbox- 
aldehydes. The mixed alkoxy esters of 84_ (about 0.79 mol)
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were hydrolyzed with potassium hydroxide (0.81 mol) in a 
manner similar to that described in the preparation of 78.
The solid potassium salts derived from 8_4 were then treated 
in a manner similar to that outlined in the preparation of 
2-methylcyclohexane-l-carboxaldehyde t o  give a 77% yield of 
the crude 3-methylcyclohexane-l-carboxaldehyde.
Preparation of 3-Methylcyclohexane-l,-dimethanol (85) 
by the Tollens Condensation. This diol was prepared in the 
same way as 83_. Thus, from 24.8 g (0.20 mol maximum aldehyde 
content) of the crude 3-methylcyclohexane-l-carboxaldehyde 
there was obtained on workup with acetone 44.0 g of a thick 
oil. Vacuum distillation gave 27.0 g (25% yield based on the 
glycidic esters) of an oil which readily solidified, mp 70- 
71°. The bp could not be determined with any accuracy because 
of formaldehyde evolution during the distillation. A small 
sample of was recrystallized from cyclohexane, mp 72-73°. 
The infrared spectrum of this material (11130, KBr) was en­
tirely consistent with the proposed structure. The nmr 
spectrum (10474) was entirely consistent with the proposed 
structure, and the nmr data are summarized in Table X at the 
end of this section.
Yields of 85^  from other condensations with 3-methyl- 
cyclohexane-l-carboxaldehyde were about the same regardless 
of the method of preparation of the aldehyde.
A small sample of 8_5 was sublimed for analysis.
Anal. Calcd for C 9H ^g°2 (m°l wt 158.23): C, 68.31;
H, 11.46. Found: C, 68.46; H, 11.77.
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The Preparation of l-Oxa-2-carboisopropoxy-6-methyl- 
spiro[2.4]octanes (86) by the Darzens Condensation. This 
compound was prepared in the same manner as described for the 
preparation of 82^ with 100 g (0.89 mol) of 4-methylcyclohexa- 
none, 134.0 g (0.98 mol) of isopropyl chloroacetate, and 
sodium isopropoxide from 26.0 g (1.13 g-atom) of metallic 
sodium in 800 ml of isopropyl alcohol. The recovered crude 
esters (161.0 g) were distilled to give 145.2 (77% yield
based on the ketone) of the isopropyl esters 8JS, bp 72-78° 
(0.15 mm). The infrared spectrum (11156 film) was consistent 
with an ester structure. The nmr spectrum (10546) was con­
sistent with a mixture of diastereomeric glycidic esters; the 
nmr signals at >53.22 (s) and at <5 3 . 23 (s), (neat), (total of
both signals integrated for 1H), correlated well with the 
expected chemical shift for hydrogens on an oxirane ring.
Preparation of 4-Methylcyclohexane-l-carboxaldehyde. 
To a solution of 44.0 g (0.68 mol) of potassium hydroxide 
(86.5%) in 300 ml of ethanol and 20 ml of water was added, 
with swirling, 143.7 g (0.68 mol) of the glycidic esters, in 
portions. After 2 hr, the solvent was removed bn vacuo on a 
rotary evaporator. To a solution of the residual salts in 1 
liter of water was added a cold solution of 35.0 g (0.34 mol) 
of concentrated sulfuric acid (95%) in 200 ml of water. The 
mixture was extracted several times with methylene chloride; 
and then the combined methylene chloride layers were washed 
once with water, dried (MgSO^), filtered and concentrated 
in vacuo on a rotaty evaporator to yield the glycidic acids 
as a thick oil. The glycidic acids were combined with 120 ml
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of pyridine and the mixture was distilled to dryness. The 
distillate was poured into water, extracted several times 
with n-pentane; the n-pentane layers were combined, washed 
with water, dried (MgSO^), filtered and concentrated in_ 
vacuo to yield 63.0 g (73% maximum) of the crude 4-methyl- 
cyclohexane-l-carboxaldehydes.
Preparation of 4-Methylcyclohexane-l,1-dimethanol 
(87) by the Tollens Condensation. A stirred mixture of
63.0 g (0.50 mol max) of the crude aldehyde, 126.0 g (1.69 
mol) of an aqueous formaldehyde solution (40%), 40.0 g (0.29 
mol) of anhydrous potassium carbonate, 150 ml of ethanol and 
60 ml of water was refluxed for 6 hr. The solvent was re­
moved in_ vacuo on a rotary evaporator and the residue was 
extracted into acetone, the acetone solution filtered and 
then concentrated in vacuo to yield 86.0 g of a thick oil.
Upon vacuum distillation there was obtained 43.0 g (40% 
based on the glycidic esters) of 4-methylcyclohexane-1,1- 
dimethanol as a thick oil which readily solidified. The bp 
could not be determined because formaldehyde was formed during 
the distillation, and it was impossible to maintain a stable 
vacuum. From 3.0 g of the distilled diol there was obtained 
after two recrystallizations from cyclohexane, 2.6 g white 
plates, mp 74-75°, (lit.131 mp 86-96°). The ir spectrum
(11129; KBr) was entirely consistent with the proposed 
structure. The nmr spectrum (10489) was also consistent 
with the proposed structure and a summary of the nmr data 
for 87 is given in Table X at the end of this section. A
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2 . 93 (quint; 6.5) 1.0 1
3.80 (d; 6 . 5 ) C 5.8 6
Aromatic 7.24 (s) 5.2 5
2 - (p-Bromophenyl)- Methyl 1.17 (s) 2.9 3
2-methylpropane-
1,3-diol (CDC1.) Methylenes 3.58 (d; 11.0)
■J
3.8 0 (d; 11.0) 4.1 4
Hydroxyls*3 3.23 (s) 2.0 2

























hydroxyls*3 3.58-4.08 (d; 11.0)C 
(d; 11.0)c 6.0 6
Aromatic 7.20 (s) 5.2 5
Cyclohexane-1,1- 
dimethanol (CDCl^) Cyclohexane 1.39 (s) 10. 4 10
Methylenes 3.59 (s) 3.7 4















Compound Type of Shifts, 6 Relative Areas
(solvent) hydrogen (multiplicity;
J in Hz)a Found Calcd




3.73 (s) 3.8 4
Hydroxyls'3 3.91 (s) 2.1 2
4-Methylcyclohexane- Cyclohexane, 0.33-1.92 (m) 12.2 12
1,1-dimethanol methyl
(CDC1 -j)J Methylenes 3.45 (s)
3.69 3.8 4
Hydroxyls 3.85 (s) 2.0 2
aMultiplets reported with a single chemical shift are measured to center of absorp­
tion. Reported coupling constants are uncorrected, observed, absorption separa­
tions. Often additional fine structure could be observed in the basic absorption 
pattern.
These assignments were confirmed upon addition of acid to the sample by noting 
the large shift in the hydroxyl proton absorptions. When hydroxyl absorptions 
were mixed with other absorptions, the shifted absorption corresponded to 2H in 
area (by difference).





small sample was sublimed at 80° (0.1 mm) for analysis.
Anal. Calcd for (mo^ wt 158. 23): C, 68.31;
H, 11.46. Found: C, 68.60; H, 11.84.
General Procedure for the Preparation of Dibenzene- 
sulfonate Esters of Propane-1,3-diols. To a stirred and 
cooled (ice bath) solution of a weighed amount of the diol in 
dry pyridine was slowly added a weighed amount of benzenesul- 
fonyl chloride (2.2-2.4 mol of benzenesulfonyl chloride per 
mol or diol) at such a rate that the reaction temperature 
never exceeded 15°. When the benzenesulfonyl chloride addi­
tion was completed, the stirred reaction mixture was allowed 
to warm to room temperature (1-2 hr) and then was stored 
overnight at room temperature, either with or without 
stirring.
The isolation of the dibenzenesulfonate esters 
depended on the compound being synthesized and is described 
in detail for each individual ester; any variations in the 
synthesis from that described above are also noted.
In Table XI are summarized the quantities of reagents 
employed and the yields of the propane-1,3-diol dibenzenesul- 
fonates.
The nmr data for each compound are presented in 
Table XII at the end of this section.
Dibenzenesulfonate of 2-Methyl-2-phenylpropane-l,3-
diol. The reaction mixture was poured into about 1.5 I  of 
water with vigorous stirring. The precipitated solids were 
collected on a filter and washed successively with water, 3N
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hydrochloric acid, water and then air-dried to yield the 
crude dibenzenesulfonate, mp 131-133°. Upon recrystalliza­
tion of a 5.0 g portion of the crude dibenzenesulfonate 
ester from 40 ml of a carbon tetrachloride-chloroform (9:1) 
mixture, 4.0 g of white, crystalline dibenzenesulfonate of 
2-methyl-2-phenyl-propane-l,3-diol was obtained, mp 133.5- 
134.5°. The infrared spectrum (11140, K B r ; Appendix C) and 
the nmr spectrum (10523; Appendix C) of this material were 
entirely consistent with the proposed structure.
Anal. Calcd for C„oH„„0,-S„ (mol wt 446.53): C, 59.17;  22 22 6 2
H, 4.97. Found: C, 58.99; H, 4.88.
Dibenzenesulfonate of 2-Phenylpropane-1,3-diol.
When the addition of benzenesulfonyl chloride was completed, 
the reaction was stirred for 1.0 hr at ice-bath temperature 
and then for 4 hr at room temperature. The reaction mixture 
was then poured into about 1 liter of crushed ice and water, 
the precipitated solids were collected on a filter, washed 
well with water and dried. After crystallization from carbon 
tetrachloride, there was obtained 51.8 g (79%) of the dibenzene­
sulfonate of 2-phenylpropane-l,3-diol, mp 95-96°. The ir 
spectrum (11119, KBr; Appendix C) and the nmr spectrum (10522; 
Appendix C) of this material were entirely consistent with 
the proposed structure.
Anal. Calcd for C 21H20°6S2 wt 432.50): C, 58.31;
H, 4.66. Found: C, 58.24; H, 4.66.
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Dibenzenesulfonate of 2 - (p-Bromopheny1)-2-methylpro- 
pane-1,3-diol. The reaction mixture was poured, with vigor­
ous stirring, into 1 liter of crushed ice and water. The 
precipitated solids were collected on a filter, washed suc­
cessively with water, 3N hydrochloric acid, water and then 
air-dried to yield 104.3 g of off-white solids, mp 129-130°. 
Upon recrystallization of a 3.0 g portion of this crude 
ester from 55 ml of carbon tetrachloride-benzene (2:1), there 
was obtained 2.5 g of the dibenzenesulfonate of 2 - (p-bromo- 
phenyl)-2-methylpropane-l,3-diol, mp 133.5-134.5°. The 
infrared spectrum (10250, KBr; Appendix C) and the nmr 
spectrum (9581; Appendix C) of this material were entirely 
consistent with the proposed structure.
A nal. Calcd for C22H21Br06S2 (m°l wt 525.44): C,
50.29; H, 4.03. Found: C, 50.19; H, 3.96.
Dibenzenesulfonate of 2-Phenyl-2-(2-propyl)-propane- 
1, 3-diol . The reaction mixture was poured into 1 liter of 
water and the mixture was extracted several times with 
methylene chloride. The methylene chloride layers were com­
bined, washed several times with 3N hydrochloric acid, once 
with a solution of saturated aqueous sodium chloride, dried 
(MgSO^) , filtered and concentrated in_ vacuo on a rotary 
evaporator to give 46.0 g of the solid, crude ester. After 
two crystallizations of a 2.0 g portion of this material 
from cyclohexane-carbon tetrachloride (1:1), there was ob­
tained 1.3 g of the dibenzenesulfonate of 2-phenyl-2-(2- 
propyl)-propane-1,3-diol, mp 93.5-94.5°. The ir spectrum
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(11122, KBr; Appendix C) and the nmr spectrum (10502; Appendix 
C) of this material were entirely consistent with the proposed 
structure.
Anal. Calcd for C 24H26°6S2 wt 474.58): C, 60.74;
H, 5.52. Found: C, 60.80; H, 5.47.
Dibenzenesulfonate of Butane-1,3-diol. After the 
addition of the benzenesulfonyl chloride was completed, the 
reaction mixture was stirred at ice-bath temperature for 3 hr 
and then was stored in the refrigerator overnight. The reac­
tion mixture was then poured onto chipped ice, the organic 
layer was withdrawn and the aqueous layer was extracted 
several times with ether. The ether layers were combined 
with the initially separated organic layer and the ether 
solution was washed with water, 3N hydrochloric acid and then 
with saturated aqueous sodium chloride. The ether solution 
was dried (MgSO^), filtered, and the solvent was removed in 
vacuo on a rotary evaporator to give 288.0 g of a thick oil.
Because all attempts to crystallize this crude dibenzenesul-
132fonate of butane-1,3-diol (lit. mp 57°) failed, it was 
used as such in the thietane preparation. The infrared spec­
trum (9087, film) showed absence of a hydroxyl absorption and 
was consistent with the proposed structure. The nmr spectrum 
(7036) was consistent with the proposed structure.
Dibenzenesulfonate of 2-Methyl-2-nitropropane-l,3- 
diol. After the addition of the benzenesulfonyl chloride 
was completed, the reaction mixture was stirred at ice-bath 
temperature for 2 hr and then at room temperature for 6 h r .
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The mixture was then poured onto chipped ice and the precipi­
tated solids were collected on a filter, washed successively 
with water, 1 N hydrochloric acid followed by water, to yield 
after drying 112.9 g of a white powder. Upon crystallization 
from 200 ml of benzene, there was obtained 106.0 g (98%) of 
the dibenzenesulfonate of 2-methyl-2-nitropropane-1,3-diol, 
mp 112.5-114°, (lit.^^ mp 114°). The infrared spectrum
(11125, KBr) and the nmr spectrum (10509) of this material 
were entirely consistent with the proposed structure.
Dibenzenesulfonate of 3-Cyclohexene-l,1-dimethanol.
The reaction mixture was poured onto chipped ice and the re­
sulting mixture was extracted several times with methylene 
chloride. The combined methylene chloride layers were washed 
with water, 3N hydrochloric acid and then again with water; 
the methylene chloride solution was dried (MgSO^), filtered 
and concentrated in vacuo on a rotary evaporator to yield 43.0 
g of an oil which readily solidified. This crude ester was 
recrystallized from 100 ml of carbon tetrachloride to yield 
40.9 g (97%) of the dibenzenesulfonate of 3-cyclohexene-l,1- 
dimethanol, mp 103-104°.
A similar preparation gave a 97% yield of the di­
benzenesulfonate of 3-cyclohexene-l,1-dimethanol. These two 
preparations were combined and the ir spectrum (11118, KBr; 
Appendix C) and the nmr spectrum (10508; Appendix C) of this 
material were entirely consistent with the proposed structure.
Anal. Calcd for C nriH oo0 cS„ (mol wt 422.51) : C, 56.85 ;  ZU ZZ o z
H, 5.25. Found: C, 56.84; H, 5.17.
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Dibenzenesulfonate of Cyclohexane-1,1-dimethanol.
The reaction mixture was poured into water and the precipitated 
solids were collected on a filter and washed well with water. 
The solids were then dissolved in methylene chloride, the 
methylene chloride solution was washed with water, dried 
(MgSO^) , filtered and concentrated in. vacuo on a rotary evap­
orator to yield 65.5 g of the crude ester. From a 2.0 g 
portion of the crude ester, there was obtained, upon recrys­
tallization from carbon tetrachloride, 1.6 g of the dibenzene-
134sulfonate of cyclohexane-1,1-dimethanol, mp 101-102°, (lit. 
mp 101-102°). The infrared spectrum (11139, KBr) and the nmr 
spectrum (10505) of this material were entirely consistent 
with the proposed structure.
Dibenzenesulfonate of 2-Methylcyclohexane-l,1- 
dimethanol. The reaction mixture was poured into 1 liter 
of water and extracted several times with methylene chloride. 
The combined methylene chloride layers were washed success­
ively with 3N hydrochloric acid, water and then dried (MgSO^) 
and filtered. After the solvent was removed in vacuo on a 
rotary evaporator, there was obtained 95.0 g of an oil which 
readily crystallized. A 5.0 g portion of the crude ester 
was recrystallized from 10 ml of carbon tetrachloride to 
yield 2.7 g of the dibenzenesulfonate of 2-methylcyclohexane- 
1,1-dimethanol, mp 89-90°. The ir spectrum (11121, KBr; 
Appendix C) and the nmr spectrum (10507; Appendix C) of this 
material were entirely consistent with the proposed structure.
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Dibenzenesulfonate of 3-Methylcyclohexane-l,1- 
dimethanol. The reaction mixture was poured into 1 liter 
of water, extracted several times with methylene chloride 
and then the combined methylene chloride layers were washed 
first with 3N hydrochloric acid and then with water. The 
solution was dried (MgSO^), filtered and concentrated in 
vacuo on a rotary evaporator to yield 75.0 g of an oil which
could be induced to solidify. From a 3.0 g portion of the
above crude ester, there was obtained, upon crystallization 
from 25 ml of isopropyl alcohol, 2.7 g of the dibenzenesulfo­
nate of 3-methylcyclohexane-l,1-dimethanol, mp 76-78°. The 
infrared spectrum (11120; Appendix C) and the nmr spectrum 
(10506; Appendix C) of this material was entirely consistent 
with the proposed structure.
Anal. Calcd for (mol wt 438. 55) : C,
  21 26 6 2
57.51; H, 5.98. Found: C, 57.72; H, 6.01.
Dibenzenesulfonate of 4-Methylcyclohexane-l,1- 
dimethanol. The reaction mixture was poured into 1 liter 
of water, extracted several times with methylene chloride and 
then the combined methylene chloride layers were washed 
successively with 3N hydrochloric acid, and water; the 
methylene chloride solution was dried (MgSO^), filtered, and 
concentrated iri vacuo on a rotary evaporator to yield 92.7 g 
of an oil which readily solidified. From a 2.7 g portion of 
the crude ester there was obtained, upon recrystallization 
from 10 ml of carbon tetrahydrochloride, 1.6 g of the di­
benzenesulfonate of 4-methylcyclohexane-l,1-dimethanol, mp
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1,3-Diol Wt. Diol g Wt PhSCCCl g Pyridine Crude Recryst.
(mol diol) (mol PhS02Cl) ml yieldg.
o
yield %
2-Methyl-2-nitro- 35.1 110. 0 200 112. 9 98
propane-1,3-diol (0.26) (0.62)
3-Cyclohexene-l,1- 14.2 43 . 0 100 48 . 0 97
dimethanol (0.10) (0.24)
28.4 86.0 200 -- 97
(0.20 (0.49)
Cyclohexane-1,1- 21. 4 59.0 150 65. 5
dimethanol (0.15) (0.33)
2-Methylcyclohexane- 31.9 82 . 0 200 75.0
1,1-dimethanol (0.20) (0.46)
3-Methy1cyclohexane- 25.0 70.0 200 75.0
1,1-dimethanol (0.16) (0.40)
4-Methylcyclohexane- 30.0 84 . 0 250 92.7
1,1-dimethanol (0.19) (0.48)
aln general, the crude yields slightly exceeded (0-10%) the theoretical yield possible and 
this probably reflects a solvent entrainment by the crude product. The yields obtained from 
the few recrystallizations as well as the thietane yields from the crude dibenzenesulfonate 
esters suggest that the dibenzenesulfonate ester formation is a high-yield (>80%) reaction 
for these compounds. 12
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Methyl 1.31 (s) 2.9 3
(CDC13) Methylenes 4.19 (s) 3.9 4
Aromatic 7.00-7.98 (m) 15.2 15
2-Phenylpropane- 
1, 3-diol (CDC1 -j)
Methine 3.3 0 (quint; 6.5) 1.0 1
Methylenes 4.27 (d; 6.5) 3.9 4
Aromatic 6.88-7.97 (m) 15.1 15
2 - (p-Bromophenyl)- 
2-methylpropane-
Methyl 1.28 (s) 2.8 3
1,3-diol (CDC13 ) Methylenes 4.12 (s) 4.0 4




















0.69 (d; 7.0) 











2-Methyl-2-nitro- Methyl 1.57 (s) 2.9 3
propane-1,3-diol
(c d c i 3 ) Methylenes 4.39 (s) 3.8 4
Aromatic 7.33-8.00 (m) 10.3 10
3-Cyclohexane-l,1- Saturated
dimethanol (CDCl^) cyclohexane 1.28-2.10 (m) 6.1 6
Methylenes 3.88 (s) 4.0 4
Vinyl 5.17-5.82 (m) 1.9 2



























methyl 0.58-1.92 (m) 12.2 12








methyl 0.53-1.87 (m) 12. 2 12
Methylenes 3.75 (s) 
4.02 (s) 3.9 4














1,1-dimethanol methyl 0.53-1.83 (m) 12.3 12
(CDC1,)
Methylenes 3.78 (s)
4.02 (s) 3.8 4
Aromatic 7.17-8.12 (m) 9.9 10
aSee Footnote a in table of diol nmr spectra.
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100-101°. The ir spectrum (11123, KBr; Appendix C) and the 
nmr spectrum of this material (10500; Appendix C) were en­
tirely consistent with the proposed structure.
Anal. Calcd for (mol wt 438.55): C,  21 2b 6 2
57.51; H, 5.98. Found: C, 57.55; H, 6.05.
Preparation of 3-Methyl-3-phenylthietane (7_) . 
Preparation 1 . To 400 ml of stirred dimethyl sulfoxide at 
an initial temperature of 60° was added, over a period of 1 
hr, a thoroughly blended mixture of 205.0 g (0.46 mol maximum) 
of the crude dibenzenesulfonate of 2-methyl-2-phenylpropane-
1,3-diol and 130.0 g (0.54 mol) of coarsely ground sodium 
sulfide nonahydrate. The temperature of the reaction was 
raised slowly during the addition time, so that when all of 
the material had been added the reaction temperature was 90°. 
No tendency for heat evolution was observed during the addi­
tion. The reaction mixture was stirred for 2 hr at 90°, then 
cooled to room temperature and poured into 1 liter of water.
The products were extracted with five 100-ml portions of n-
pentane, both water- and n-pentane-insoluble gums remained 
in the water layer, a behavior noted for all of the ring 
closure reactions. The combined n-pentane layers were 
washed twice with 100 ml of water, dried (MgSO^) and con­
centrated to give 56.0 g of an oil. Upon careful distilla­
tion of this material through a 15-cm Vigreux column with a 
"cold-finger" type of condenser (adjustable reflux ratio), 
there were obtained two fractions: Fraction I, 8.1 g, bp
25-115° (12 mm); Fraction II, 33.0 g, bp 115-117° (12 mm).
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These fractions were analyzed by gas liquid chroma­
tography (glpc) on an Aerograph A90-P3 instrument with a 
108" X 1/4" column of Apiezon M liquid phase on Chromosorb 
W 60/80 support, and a helium flow rate of 100 ml/1 min with 
the column temperature at 200°, collector temperature at 220°, 
detector temperature at 245°, and injector temperature at 210°
Fraction I. The glpc analysis showed three components 
1.3 min from air peak (24%), 3.8 min from air peak (16%) and
9.2 min from air peak (60%). The nmr spectra (10040, 10041) 
indicated that this fraction was a mixture of three components 
and integrations of the spectra supported the glpc data. The 
components were identified as a-methylstyrene, 3-methyl-3- 
phenyloxetane, and 3-methyl-3-phenylthietane { ! )  ordered 
according to increasing retention times. The characteristic 
methyl and vinyl nmr absorptions found in the spectra matched 
exactly the published spectrom of cx-methylstyrene with respect 
to these absorptions. Two doublets (64.39, 64.76) were
assigned to the oxetane, while the major component also 
showed two doublets (62.99, 63.78) at somewhat higher field 
than the corresponding oxetane. The ir spectrum (10655) 
corroborated these assignments.
Fraction II. The glpc analysis showed this material 
to consist of two components, one at 3.9 min from the air 
peak (2%) and the other at 9.1 min from the air peak (98%) 
assigned to 1_. The ir spectrum (10661 , film; Appendix C) 
was entirely consistent with the structure of 7_; in partic­
ular, a strong band at v 1180 cm 1 was observed. The nmr ' ^ max
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spectrum (10661; Appendix C) was entirely consistent with 
the proposed structure and the nmr data for this compound 
are summarized in Table XIII at the end of this section.
The glpc data for both fractions suggest a total
37.2 g content of 1_ which is equivalent to a 49% yield of 1_
from the reaction, based on the disulfonate ester. Other 
similar reactions gave 2_ 64% and 56% yields, calculated
as above, from distillates which contained about 94% of 7_ by 
glpc analysis. The considerable residue in the distillation 
flask was not examined.
A small sample of 1_ was purified for analysis by 
preparative glpc (conditions the same as above with 0.080 ml 
injection) of Fraction II. Analysis of the condensed pro­
duct showed only one component to be present, corresponding 
in retention time to the major product of the starting 
material.
A n a l . (Schwarzkopf) Calcd for C^ q H-^S (mol wt 164 . 27)
C, 73.12; H, 7.36; S, 19.52. Found: C, 73.10; H, 7.50;
S, 19.74.
Preparation 2 . To a stirred mixture of 24.5 g 
(0.102 mol with a 16.5 g water content) of crushed sodium 
sulfide nonahydrate in 200 ml of dimethyl sulfoxide was 
added 100 ml of toluene. The flask was then fitted with a 
Dean-Stark trap and a condenser above the trap; the latter 
could be fitted to a vacuum system. The temperature of the 
mixture was raised to 130-140° and the distillate, which
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began to appear at about 120°, was collected in the Dean- 
Stark trap and was removed as soon as the trap was full (15 
ml). After 45 ml of distillate, consisting of water and 
toluene, had been collected, the distillation slowed down. 
Therefore, another 50 ml of toluene was added to the dimethyl 
sulfoxide solution and the distillation was continued. After 
collection of another 30 ml of distillate, the distillation 
slowed down and, therefore, a slight aspirator vacuum was 
applied to the system to remove the remaining solvent and 
volatile materials. Another 75 ml of distillate was collec­
ted (total heating time 1.5 hr) and the water evolution had 
slowed down considerably towards the end of the distillation. 
Some brownish, apparently gummy solids coating the inside of 
the reaction vessel did not appear to represent very much 
material.
The remaining dimethyl sulfoxide solution of sodium 
sulfide was cooled to 90° and then, over a period of 0.5 hr,
30.4 g (0.0681 mol) of the crude dibenzenesulfonate ester of
2-methyl-2-phenylpropane-l,3-diol (mp 133-134°) was added to 
the stirred mixture. When the addition had been completed, 
the heating and stirring were continued for another 1.5 hr 
and then the reaction mixture was cooled and the products 
were isolated in a manner similar to Preparation 1 above.
A crude yield of 12.3 g of 1_ was obtained; the workup was 
much cleaner in this reaction and less water- and n-pentane- 
insoluble gums seemed to be present than in Preparation 1.
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The crude thietane was distilled carefully through a 15 cm 
Vigreux column to yield 7.2 g (64% yield based on the sulfo­
nate ester) of 1_, bp 120-122° (14 mm). The nmr spectrum
(2271, CCl^) of this material was the same as that of pre­
viously prepared 1_ and it showed the absence of either a- 
methylstyrene or of the corresponding oxetane.
Preparation of 3-Methyl-3-phenylthietane-l,1-dioxide 
(3JJ . General Method for Preparation of Sulfones. To a 
vigorously stirred mixture of 1.5 g (9.1 mmol) of 3-methyl- 
3-phenylthietane, 1 ml of acetic acid and 5 ml of water was 
added, in portions, a solution of sodium permanganate (45 g 
of sodium permanganate trihydrate in 500 ml of water) until 
the purple permanganate color persisted for at least 15 min. 
Water was then added to the reaction mixture and the excess 
permanganate and the manganese dioxide were discharged with 
sodium bisulfite. The inorganic and the organic solids were 
collected on a filter and the organic components were ex­
tracted into chloroform. The chloroform extract was dried 
(MgSO^), filtered and concentrated bn vacuo on a rotary 
evaporator. Upon recrystallization of the residue from a 
mixture of benzene and cyclohexane, there was obtained 1.1 g 
(61% yield) of 3_1, mp 54-55°. The ir spectrum (9874, film; 
Appendix C) of this material was entirely consistent with 
the proposed structure. The nmr spectrum (10591; Appendix C) 
was also consistent with the proposed structure, and the nmr 
data are summarized in Table XIV at the end of this section.
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A small sample of this material was sublimed for analysis, 
mp 54-55°.
Anal. Calcd for c ^oH12°2S (m°l wt 196.27): C, 61.19;
H, 6.16. Found: C, 61.48; H, 6.38.
Preparation of 3 - (p-Bromophenyl)-3-methylthietane (9^ ). 
An attempt was made to remove the water from the sodium sul­
fide nonahydrate by the following technique.
To 100 ml of dimethyl sulfoxide was added 60.0 g 
(0.25 mol which implies a 40.5 g water content) of crystalline 
sodium sulfide nonahydrate. This mixture was then stirred 
and heated on a steam bath until most of the solids had gone 
into solution and the remainder of the sulfide had melted to 
a dimethyl sulfoxide-insoluble oil. This mixture was then 
allowed to cool to room temperature; the immiscible oil 
crystallized, and additional crystalline material came out 
of the dimethyl sulfoxide solution. The dimethyl sulfoxide 
was removed with a "filter-stick" to yield 85 ml of a fil­
trate. An nmr spectrum (9567) indicated that approximately 
15 g of water were present in the withdrawn dimethyl sulfox­
ide .
To a mixture of the remaining solids in 200 ml of 
dimethyl sulfoxide, heated to 60-7 0° was added with vigorous 
stirring over a period of 45 m i n , 101.3 g (0.18 mol maximum) 
of the crude dibenzenesulfonate of 3 - (p-bromophenyl)-3-methyl- 
propane-1,3-diol; no obvious heat evolution was observed.
The reaction temperature was then raised slowly to 80°, at
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which point a mild exotherm brought the temperature to 95°.
The heating was discontinued and the reaction mixture was 
allowed to cool to 7 0°; an additional portion of 5.0 g of 
sodium sulfide nonahydrate was added, the stirred mixture was 
heated once more to 95° and then allowed to cool. The reac­
tion mixture was stored overnight and then was poured into 
1 liter of water, extracted several times with n-pentane and 
the combined n-pentane layers were washed with water, dried 
(MgSO^) and filtered. The solvent was removed bn vacuo on a 
rotary evaporator to yield 31.5 g of white solids with some 
adhering oil, mp 54-56°. When the solid was subjected to 
sublimation from a large sublimator (50° at 0.2 m m ) , the 
initial fractions were oily and were washed off. Then col­
lection was begun, to afford 28.5 g (66% yield based on the 
diol) of 9^ mp 56-57°. The ir spectrum (10253, film;
Appendix C) showed a strong absorption at ^max 1180 cm 
The nmr spectra (9587, 9611a; Appendix C) were entirely 
consistent with the proposed structure, and the nmr data for 
9 are summarized in Table XIII at the end of this section.
Anal. Calcd for C ^ Q H ^ B r S  (mol wt 243.18) : C, 49. 39;
H, 4.56. Found: C, 49.34; H, 4.74.
Preparation of 3 - (p-Bromophenyl)-3-methylthietane-l,1- 
dioxide (32J• A 0.5 g sample of 3 - (p-bromophenyl)-3-methy1- 
thietane was oxidized with sodium permanganate in a manner 
similar to the oxidation of 7 to 3jL. Upon crystallization 
from cyclohexane followed by sublimation (125° at 0.1 mm) 
there was obtained 0.3 g (53% yield) of 3_2, mp 137-138 . 5°.
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The ir spectrum (11172, KB r ; Appendix C) was entirely con­
sistent with the proposed structure. The nmr spectrum (10569; 
Appendix C) was also entirely consistent with the structure 
32, and the nmr data are summarized in Table XIV at the end 
of this section.
Anal. Calcd for C^QH^-^BrO^S (mol wt 275 . 18): C,
43.65; H, 4.03. Found: C, 43.94; H, 4.21.
Preparation of 2-Methylthietane (hi) . To a stirred 
and cooled (water bath) solution of 285.0 g (0.77 mol maximum) 
of the crude butane-1,3-diol dibenzenesulfonate in 300 ml of 
dimethyl sulfoxide was added, over a period of 0.5 hr, 240 g 
(1 mol) of crushed sodium sulfide nonahydrate. Heat evolu­
tion brought the temperature up to 46°. The reaction mix­
ture was stirred for an additional 0.5 hr (with cooling) and 
then was poured into 1.5 £ of water and extracted several 
times with petroleum ether (bp 30-60°). The combined pet­
roleum ether fractions were washed several times with 
water, dried (MgSO^) and filtered. The solution was then 
carefully distilled through a 15 cm Vigreux column to yield
12.4 g (15% yield, based on crude benzenesulfonate ester) of 
1 1 , bp 106-107°, (lit.7 bp 105-107.5°). The ir spectrum 
(9094, film) was entirely consistent with the proposed 
structure, although only a weak band at 117 0 cm ^ could
be observed. The nmr spectrum (7054) of hL was entirely 
consistent with the proposed structure, and the nmr data 
for this compound are summarized in Table XIII at the end 
of this section. A glpc analysis with a column temperature
138
at 100° and other conditions the same as noted for the prep­
aration of 1_ showed only one component, with a retention time 
of 3.6 min from the air peak.
Preparation of 3-Phenyl-3-(2-propyl)-thietane (10). 
Preparation 1 . To 150 ml of vigorously stirred dimethyl 
sulfoxide at steam-bath (95°) temperature was added over a 
period of 1 hr a coarsely ground mixture (each component was 
ground separately, then mixed) of 44.0 g (0.084 mol) of the 
crude dibenzenesulfonate of 2-phenyl-2-(2-propyl)-propane-
1,3-diol and 30.0 g (0.125 mol) of sodium sulfide nonahydrate; 
combination of these components at room temperature in di­
methyl sulfoxide did not result in any obvious heat evolution. 
The reaction mixture was then heated for 1 hr at steam-bath 
temperature. The cooled mixture was poured into water, ex­
tracted several times with n-pentane, and the combined n- 
pentane layers were washed with water, dried (MgSO^), fil­
tered and concentrated in vacuo on a rotary evaporator to 
give 13.7 g of an oil. Upon distillation of this residue 
there were obtained three fractions: Fraction I, 1.3 g, bp
80° (10 mm); Fraction II, 0.4 g, bp 80-138° (10 mm); Fraction
III, 7.1 g, bp 138-155° (10 mm). The infrared spectrum
(10124, film) and the nmr spectrum (9396) of Fraction I in­
dicated that it consisted essentially of a-isopropylstyrene. 
The nmr spectrum (9397) of Fraction III showed methyl, 
methine (isopropyl) and aromatic hydrogens as well as two 
sets of two doublets (similar to two AB quartets) centered 
at 63.42 and 64.71 (CCl^) in a 0.92:1 area ratio, respec-
139
tively. The chemical shift and the multiplicity suggested 
that the quartets were derived from the thietane and the 
oxetane ring protons and that Fraction III consisted of a 
50:50 mixture (w:w) of these two compounds. Therefore, these 
results suggest that Fraction III contained 3.55 g (22.1% 
based on diol) of the 3-phenyl-3-(2-propyl)-thietane.
Preparation 2 . To a stirred mixture of 28.0 g 
(0.117 mol with a 18.9 g water content) of crushed sodium 
sulfide nonahydrate in 200 ml of dimethyl sulfoxide was 
added a mixture of 50 ml of toluene and 50 ml of isopropyl 
alcohol. The mixture was then heated (maximum temperature 
130°) and the distillate was removed in a manner similar to 
that described for Preparation 2 of 1_. After about 50 ml 
had been removed the distillation subsided; an additional 
50 ml of toluene was added to the mixture and the distilla­
tion was continued. Towards the end of the distillation a 
slight aspirator vacuum was applied to the system to facili­
tate the removal of the bulk of the reamining solvents and 
volatile materials. A further 90 ml of distillate was col­
lected for a total of 140 ml with 1.5 hr total heating time.
The residual sodium sulfide solution in dimethyl 
sulfoxide was cooled to 90° and then, over a period of 0.5 
hr, 36.0 g (0.0759 mol) of the crude dibenzenesulfonate 
ester of 2-phenyl-2-(2-propyl)-propane-1,3-diol was added to 
the stirred mixture. When the addition had been completed, 
the reaction mixture was stirred for 1.0 hr at 90° and then 
was cooled to room temperature. Workup, as described in
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Preparation 1 of 10, gave 13.4 g of an oil. This material 
was distilled to give 9.60 g of a liquid, bp 142-154 (10 mm)
The nmr spectrum (15320, CDCl^; Appendix C) indicated that 
this material consisted only of 3-methyl-3-(2-propyl)- 
oxetane and of 1_0. Integration of the two doublets assigned 
to 1_0 and of the two doublets assigned to the oxetane, aris­
ing from protons attached to the four-membered rings, showed 
that the product had a 101:15 mole ratio of lOg oxetane or 
87.1 mol % of lj). Further calculation showed an 88.0 wt % 
of 10_ in the distillate, equivalent to 8.45 g (58% yield 
based on the crude dibenzenesulfonate ester) of .1(3. The nmr 
data are summarized in Table XIII at the end of this section
Preparation of 3-Phenyl-3-(2-propyl)-thietane-1,1- 
dioxide (34). A 1.0 g portion (4.58 mmol adjusted by the 
nmr data for Preparation 2) of 1_0 was oxidized with sodium 
permanganate in a manner similar to that for the oxidation 
of 7 to 31. Upon recrystallization from ligroin, there was 
obtained 0.75 g of 34^  (73% yield), mp 89-90.5°. The ir 
spectrum (11165, KB r ; Appendix C) and the nmr spectrum 
(10561; Appendix C) were entirely consistent with the struc­
ture of 34g the nmr data are summarized in Table XIV at the 
end of this section. A small sample of 34_ was sublimed for 
analysis.
A n a l . Calcd for c i2H 16°2S (m°l wt 224.31): C,
64.25; H, 7.19. Found: C, 64.12; H, 7.45.
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Preparation of 3-Methyl-3-nitrothietane (12/ . Sodium 
nonahydrate 53.0 g (0.22 mol) and 83.0 g (0.20 mol) of crys­
tallized 2-methyl-2-nitropropane-l,3-diol dibenzenesulfonate 
were independently ground and meshed through a coarse sieve, 
and then the two reagents were well mixed.
To 100 ml of vigorously stirred dimethyl sulfoxide at 
50-55° (the reaction was held in a water bath at 50-55° 
throughout the addition time; the water bath served as a 
heat sink) were added 6.0 g portions of the previously pre­
pared sulfide-sulfonate mixture, at a rate to maintain the 
reaction temperature below 55° (about 1 addition/4 m i n ) .
When all of the reagents had been added, an additional 25 ml 
of dimethyl sulfoxide was introduced, and the reaction mix­
ture was held at 50-55° for 1 hr and then stored overnight 
at room temperature. The reaction mixture was poured into 
water and extracted several times with cyclohexane. The 
combined cyclohexane layers were washed with water, dried 
(MgSO^), filtered and concentrated in vacuo on a rotary 
evaporator. From the residual oil there was obtained upon 
distillation through a 25 cm Vigreux column, 11.1 g (42% 
yield) of 12^ , bp 101-102° (27 mm) . The infrared spectrum
(9242, film; Appendix C) was entirely consistent with the
proposed structure, a moderate band at v 1170 cm ^ being c  r  max
observed. The nmr spectrum (7216; Appendix C) was entirely 
consistent with the proposed structure and showed no extran­
eous peaks. A glpc analysis with a column temperature at 
140°, a flow rate at 85 ml/min, and other conditions the
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same as noted in the preparation of 7, showed only one com­
ponent at 8.5 min from the air peak.
Preparation of 3-Methy1-3-nitrothietane-l,1-dioxide 
(33^ ). A portion of 1.3 g (9.8 mmol) of 3-methyl-3-nitrothi- 
etane was oxidized with sodium permanganate in a manner 
similar to that for the oxidation of 7_ to 3JL. Upon recrys­
tallization from 40 ml of a chloroform-carbon tetrachloride 
mixture (1:1) there was obtained 1.2 g (74% yield) of 3 3 , 
mp 118-119°. The ir spectrum, KBr; Appendix C) was entirely 
consistent with the proposed structure. The nmr spectrum 
(10585; Appendix C) was entirely consistent with the struc­
ture, and the nmr data are summarized in Table XIV at the 
end of this section. A small sample of 33^  was sublimed for 
analysis.
Anal. Calcd for C^H^NO^S (mol wt 165.17): C, 29.09;
H, 4.27; N, 8.48. Found: C, 29.36; H, 4.23; N, 8.57.
Preparation of 2,4-Dioxaspiro[5.5]undec-8-ene-3-one 
(1_8) . To 90.0 g (0.76 mol) of distilled diethyl carbonate 
was added 76.0 g (0.53 mol) of 3-cyclohexene-l,1-dimethanol 
and a solution of 0.5 g of metallic sodium in 10 ml of abso­
lute ethanol. The flask was fitted with a "cold-finger" type 
of distillation head and the solution was stirred and heated 
(140-145°) while the refluxing liquid was removed at a slow 
rate to maintain a vapor temperature of 80-83°. When 60 ml 
of the distillate had been collected, the distillation had 
slowed down considerably. The reaction mixture was then 
cooled to about 60°, and the rest of the volatile components
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were removed at aspirator vacuum. The residual oil was dis­
solved in carbon tetrachloride, washed several times with 
water, dried (MgSO^), filtered and concentrated in vacuo 
on a rotary evaporator to yield 104.3 g of a yellow oil.
Upon distillation of this oil, there was obtained 92.0 g 
(>100%) of a pasty solid, bp 140-200° (1 mm). This solid
was used as such in the preparation of the thietane, because 
the impurities were expected to be primarily noncyclic 
carbonates.
A 6.0 g portion of the distilled carbonate was re­
crystallized three times from cyclohexane to give fine white 
needles, mp 77-78° of !L8. An ir spectrum (10098, KBr;
Appendix C) was entirely consistent with the proposed struc­
ture. The nmr spectrum (10444, CDCl^; Appendix C) had signals 
at 61.65 (t, broad) and at 62.04 (s, broad), (total of both
signals 5.9 H; saturated cyclohexane) and other signals at 
64.18 (s, 4.1 H; CH^0 ) and at 65.67 (m, 2.0 H; vinyl).
Preparation of 2-Thiaspiro[3.5]non-6-ene (1_3) . Method
1. A mixture of 50.0 g (0.51 mm) of potassium thiocyanate 
and 20.0 g (0.25 mol) of sodium thiocyanate was heated at 
165-170° (mixture melted) for 15 min under a vacuum of 0.1 mm. 
To the cooled solids were added 86.0 g (0.50 mol maximum) of 
the distilled carbonate (2,4-dioxaspiro[5.5]undec-8-ene-3-one) 
and the flask was heated first at 236° with an oil bath and 
then with a free flame under a 40 mm vacuum, until no more 
distillate could be collected. This crude thietane, 27.9 g, 
was redistilled to yield 23.8 g (34%, based on the diol) of
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2-thiaspiro[3.5]non-6-ene, bp 119-120° (40 mm).
Analysis by glpc on a Perkin-Elmer gas chromatograph
(154), using a 1.4" X 1 meter 20% Silicone GE-XE-60 (nitrile
gum) liquid phase on Chromosorb W with a column temperature 
of 75° and a helium pressure of 10 psig, showed this material 
to consist on only one component with a retention time of
11.4 min from injection. The ir spectrum (9001, film; 
Appendix C) was entirely consistent with the proposed struc­
ture and a strong band at v 117 5 cm ^ was observed. The ^ max
nmr spectrum (10447; Appendix C) was consistent with the 
structure 1_3, and the nmr data are summarized in Table XIII 
at the end of this section.
Method 2 . To 100 ml of vigorously stirred dimethyl
sulfoxide at 90-95° (steam bath) was added over a period of
1.5 hr a thorough mixture of 53.8 g (0.22 mol) coarsely 
ground and meshed sodium sulfide nonahydrate, and 86.0 g 
(0.20 mol) of the dibenzenesulfonate of 3-cyclohexene-l,1- 
dimethanol. No tendency for an exothermic reaction was ob­
served. When all of the solids had been added, an additional
5.0 g of sodium sulfide nonahydrate and 25 ml of dimethyl 
sulfoxide were introduced; the mixture was heated for 2 0 min 
more and then was stored overnight at room temperature. A 
small test portion of the reaction mixture (about 0.3 m l ) , 
when diluted with water, precipitated a water-insoluble 
crystalline solid, which indicated an incomplete reaction; 
and, therefore, the reaction mixture was heated for 1 hr at 
93°. Because testing with water still showed an incomplete
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reaction, 10.0 g of sodium sulfide nonahydrate and 25 ml of 
dimethyl sulfoxide were added and the heating (stirring) was 
continued for 4 hr at which time the reaction was complete 
(total reaction time 7 hr). The cooled reaction mixture was 
poured into 1 liter of water and extracted several times with 
n-heptane; the combined n-heptane layers were washed with 
water, dried (MgSO^), filtered and concentrated in vacuo on 
a rotary evaporator to yield 28.5 g of an oil. Upon distill­
ation of this oil, there was obtained 21.0 g (74%) of 2- 
thiaspiro[3.5]non-6-ene, bp 111-115° (32 mm). Analysis by
glpc with the same conditions as in the preparation of 1_3 
by Method 1 showed two components, one at 5.2 min from in­
jection (5%) and the other at 11.4 min from injection (95%). 
This suggests an actual adjusted yield of 70% for 13_ in this 
reaction. The ir spectrum (9243, film) of this material was 
exactly superposable on the spectrum of 1_3 previously prepared 
by the thiocyanate fusion of the carbonate ester.
Preparation of 2-Thiaspiro[3.5]non-6-ene-2,2-dioxide 
(39). To 1.4 g (0.01 mol) of 2-thiaspiro[3.5]non-6-ene in 
15 ml of acetic acid was added dropwise 1.9 ml (0.021 mol) of 
30% aqueous hydrogen peroxide (11 mmol/ml) at a rate to pre­
vent an excessive heat evolution (about 50° reaction tempera­
ture) . The reaction mixture was stirred at 75° for 1 hr; the 
excess solvent was removed in vacuo on a rotary evaporator, 
the residual oil was taken up in ether, and the ether solu­
tion was washed with a saturated aqueous potassium iodide 
solution followed by an aqueous sodium thiosulfate solution.
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The ether solution was separated, dried (MgSO^), filtered 
and concentrated on a rotary evaporator to yield 1.3 g of an 
oil which readily crystallized. Upon recrystallization of 
this material from n-heptane, followed by a recrystallization 
from water, there was obtained 0.4 g (23%) of the 2-thiaspiro- 
[3.5]non-6-ene-2,2-dioxiae, mp 110.5-111.5°. The ir spectrum 
(9536, KBr; Appendix C) and the nmr spectrum (7242; Appendix 
C) were entirely consistent with the proposed structure. The 
nmr data are summarized in Table XIV at the end of this 
section. A small sample was sublimed (85-90° at 1 mm) for 
analysis, mp 109-111°.
Anal. Calcd for C„Hn„0oS (mol wt 172.24): C, 55.78;
--------------  o  1 Z  z
H, 7.02. Found: C, 55.88; H, 6.96.
Preparation of 2-Thiaspiro [3 . 5] nonane (14_) . To a 
solution of 63.5 g (0.14 mol maximum) of the crude dibenzene- 
sulfonate of cyclohexane-1,1-dimethanol in 250 ml of dimethyl 
sulfoxide was added in one portion 40.0 g (0.17 mol) of 
crushed sodium sulfide nonahydrate; no tendency for heat 
evolution was observed. The reaction mixture was stirred on
a steam bath (about 95°) for 3 hr. A test of the reaction
mixture with water as in the preparation of 13_ by Method 2,
indicated that the reaction was complete after 2 hr. The 
cooled reaction mixture was poured into water, extracted 
with n-pentane and the combined n-pentane layers were washed 
with water, dried (MgSO^), filtered and concentrated in vacuo 
on a rotary evaporator. Upon distillation of the residue, 
there was obtained 15.6 g (76% based on the diol) of 14_, bp
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82-84° 97 mm), (lit.^^ bp 96° at 18 mm). A glpc analysis
with a column temperature of 175°, a flow rate of 85 ml/min,
and other conditions the same as in the preparation of 7
showed a peak at 3.7 min from air (1%) and a peak at 9.0 min
from air (99%) assigned to 1_4. The nmr spectrum (10590;
Appendix C) of 1_4 was entirely consistent with the proposed
structure, and the nmr data are summarized in Table XIII at
the end of this section. The ir spectrum (9809, film;
Appendix C) was entirely consistent with the structure and
a strong band at v 1175 cm  ^ was observed. ^ max
Preparation of 2-Thiaspiro[3.5]nonane-2,2-dioxide 
05). A 1.0 g (7.0 mmol) portion of 14_ was oxidized with 
sodium permanganate in a manner similar to that for the 
oxidation of 7^ to 3kL. Upon recrystallization from cyclo­
hexane, there was obtained 0.85 g (70% yield) of 35_, mp 
71.5-72.5°, ( l i t . m p  72. 5-73°). The ir spectrum (9873 , 
KBr) and the nmr spectrum (8391) were entirely consistent 
with the proposed structure. The nmr data are collected in 
Table XIV at the end of this section.
Preparation of 2-Thia-5-methylspiro[3.5]nonane (15). 
To a solution of 90.0 g (0.19 mol maximum) of the crude di- 
benzenesulfonate of 2-methylcyclohexane-l,1-dimethanol in 
250 ml of dimethyl sulfoxide was added 50.0 g (0.21 mol) of 
sodium sulfide nonahydrate; no heat evolution was observed. 
The reaction mixture was stirred and heated on a steam bath 
(about 95°) for 14 hr. A test of the reaction with water as 
in the preparation of 1_3 by Method 2 indicated that the reac-
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tion had not gone to completion and, therefore, 10.0 g of 
sodium sulfide nonahydrate and 100 ml of dimethyl sulfoxide 
were added, and the reaction mixture was heated for an addi­
tional 14 hr. At the end of this time the reaction mixture 
still contained unchanged dibenzenesulfonate ester; an addi­
tional 10.0 g of sodium sulfide nonahydrate and 250 ml of 
dimethyl sulfoxide were introduced, and the heating was 
continued for 14 hr more. At the end of this time (total 
reaction time 42 hr) no starting material could be discerned, 
so the cooled reaction mixture was poured into water and ex­
tracted several times with n-pentane. The combined n-pentane 
extracts were washed with water, dried (MgSO^), filtered and 
concentrated in vacuo on a rotary evaporator to yield 32.2 g 
of an oil. Upon distillation, there was obtained 15.8 g of 
15, bp 93-95° (7 mm). A glpc analysis with the same condi­
tions as those used in the preparation of 14_ showed three 
components, one at 5.5 min from air peak (4%), another at
9.3 min from the air peak (4%) and the third, assigned to 
15, at 14.8 min from the air peak (92%). These results 
suggest a 48% yield of 1_5 based on the diol. The ir spectrum 
(9822, film; Appendix C) was entirely consistent with the
proposed structure and a strong band at v 117 5 cm  ^ wasm3 x
observed. The nmr spectrum also supported the assigned 
structure (8339; Appendix C ) , and very small absorptions were 
noted which could be assigned to the oxetane. The nmr data 
are summarized in Table XIII at the end of this section.
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Preparation of 2-Thia-5-methylspiro[3.5]nonane-2,2- 
dioxide ( 3 6 ^ ) . A 1.0 g portion (5.9 mmol, adjusted by glpc 
data above) of 1_5 was oxidized with sodium permanganate in 
a manner similar to the oxidation of 7_ to 31^ . Upon re­
crystallization from n-heptane, there was obtained 0.80 g 
(72% yield) of 36^ , mp 44-45.5°. The ir spectrum (9870, 
film; Appendix C) and the nmr spectrum (8394; Appendix C) 
were entirely consistent with the proposed structure. The 
nmr data are summarized in Table XIV at the end of this 
section. A small sample of this material was sublimed for 
analysis, mp 43-44°.
A nal. Calcd for CgH-^C^S (mol wt 188 . 29) : C, 57.41;
H, 8.57. Found: C, 57.41; H, 8.74.
Preparation of 2-Thia-6-methylspiro[3.5]nonane (16).
A stirred mixture of 72.0 g (0.15 mol maximum) of the crude 
dibenzenesulfonate of 3-methylcyclohexane-l,1-dimethanol, 50 
g (0.21 mol) of sodium sulfide nonahydrate and 150 ml of 
dimethyl sulfoxide was heated on a steam bath (about 95°) 
for 3 hr and then 10 g of sodium sulfide nonahydrate and 100 
ml of dimethyl sulfoxide were added, heating being continued 
for 2 hr more. After storage at room temperature overnight,
10 g of sodium sulfide nonahydrate and 50 ml of dimethyl 
sulfoxide were added to the reaction and the heating and 
stirring were continued for 9 hr more (total reaction time 
14 hr). A test with water as in the preparation of 13 by 
Method 2 now indicated a lack of the starting material; 
earlier tests had shown the presence of the dibenzenesulfo-
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nate ester in the reaction mixture. The cooled reaction 
mixture was poured into water and extracted several times 
with n-pentane. The combined n-pentane extracts were washed 
with water, dried (MgSO^), filtered and concentrated iri vacuo 
on a rotary evaporator to yield 26.0 g of an oil. Upon dis­
tillation there was obtained 15.7 g of 16^ , bp 92-94° (7 mm).
A glpc analysis of this material with the same conditions as 
those used in the preparation of 1_4 showed two components, 
one at 4.5 min from the air peak (3%) and the other, assigned 
to 16_, at 11.8 min from the air peak. These results suggest 
a 64% yield of 1J5 based on the diol. The ir spectrum (9810, 
film; Appendix C) was entirely consistent with the proposed
structure and a strong band at v  1175 cm was observed. ^ max
The nmr spectrum (8290; Appendix C) also was entirely con­
sistent with the proposed structure, and very minor peaks 
attributable to the oxetane were observed. The nmr data are 
summarized in Table XIII at the end of this section.
Preparation of 2-Thia-6-methylspiro[3.5]nonane-2,2- 
dioxide (37J . A 1-0 g (6.2 mmol, adjusted by glpc data 
above) portion of 1_6 was oxidized with sodium permanganate 
in a manner similar to that for the oxidation of 1_ to 31.
Upon recrystallization from cyclohexane, there was obtained 
0.85 g (72% yield) of 37_, mp 66-67°. The ir spectrum (9871 , 
film; Appendix C) and the nmr spectrum (10586; Appendix C) 
were entirely consistent with the proposed structure. The 
nmr data are summarized in Table XIV at the end of this 
section. A small sample was sublimed for analysis, mp 66-67°.
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A nal. Calcd for C gH (mol wt 188.29): C, 57.41;
H, 8.57. Found: C, 57.79; H, 8.85.
Preparation of 2-Thia-7-methylspiro[3.5]nonane (17).
A stirred mixture of 90.0 g (0.18 mol maximum) of the crude 
dibenzenesulfonate of 4-methylcyclohexane-1,1-dimethanol, 50 
g (0.21 mol) of sodium sulfide nonahydrate, and 250 ml of 
dimethyl sulfoxide was heated on a steam bath (about 95°) 
for 13 hr and then to the reaction was added 10 g of sodium 
sulfide nonahydrate, 200 ml of dimethyl sulfoxide and the 
reaction mixture was stirred overnight at room temperature. 
After another 10 hr of reaction at 95° an additional 10 g 
of sodium sulfide nonahydrate and 250 ml of dimethyl sul­
foxide were added and the reaction was stored overnight. It 
was then heated at the above temperature for two 13 hr periods
with an intermediate storage overnight. Only at the end of
this period did the reaction show absence of the dibenzene-
sulfonate ester when tested with water as in the preparation
of 1_3 by Method 2 (total reaction time 4 9 hr) . The cooled 
reaction mixture was poured into water, extracted with n- 
pentane and the combined n-pentane layers were washed with 
water, dried (MgSO^) , filtered and concentrated in_ vacuo on 
a rotary evaporator. Upon distillation of the residual oil, 
there was obtained 15.0 g of 17_, bp 88-93° (7 mm). A glpc
analysis of this material with the same conditions as those 
used in the preparation of 14_ showed two components, one at 
4.7 min from the air peak (4%) and the other, assigned to 1 7 , 
at 12.2 min from the air peak (96%). These results suggest
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a 49% yield of 17_ based on the diol. The ir spectrum was
entirely consistent with the proposed structure (9832, film;
Appendix C) , and a strong band at v  1175 cm  ^ was observed.max
The nmr spectrum (10587; Appendix C) was consistent with the 
structure of 1/7 and showed a minor presence of the corres­
ponding oxetane. The nmr data are summarized in Table XIII 
at the end of this section.
Preparation of 2-Thia-7-methylspiro[3.5]nonane-2,2- 
dioxide (3J3) . A 1.0 g  portion (6.2 mmol, adjusted by glpc 
data above) of 1_7 was oxidized with sodium permanganate in a 
manner similar to that for the oxidation of 1__ to 3_1. Upon 
recrystallization from cyclohexane, there was obtained 1.0 g 
(96% yield) of 38_, mp 67-68°. The ir spectrum (9872 , film; 
Appendix C) and the nmr spectrum (8292; Appendix C) were 
entirely consistent with the proposed structure. The nmr 
data are summarized in Table XIV at the end of this section.
A small sample was sublimed for analysis, mp 67-68°.
Preparation of 3-Phenylthietane (8^ ) . Sodium sulfide 
nonahydrate, 31.2 g (0.13 mol) and 49.8 g (0.12 mol) of 2- 
phenylpropane-1,1-diol dibenzenesulfonate were independently 
ground and meshed through a coarse sieve.
Then, to 100 ml of vigorously stirred dimethyl sul­
foxide at room temperature were added portions consisting of 
a mixture of 1.55 g of sodium sulfide nonahydrate and 2.50 g 
of 2-phenylpropane-l,3-diol dibenzenesulfonate. After each 
addition the reaction temperature rose by approximately 3°. 
When a reaction temperature of 38° had been reached, the
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addition rate was adjusted to maintain this temperature.
When all of the reactants had been added, an additional 50 
ml of dimethyl sulfoxide was introduced and the reaction 
mixture was stirred for 0.5 hr at 38°. The cooled reaction 
mixture was poured into water, extracted several times with 
petroleum ether and the combined petroleum ether extracts 
were washed several times with water, dried (MgSO^), filtered 
and concentrated in vacuo on a rotary evaporator to yield
16.0 g of an oil. Upon distillation of this residue through 
a 25 cm Vigreux column there was obtained 5.9 g (34.1%) of 
3-phenylthietane (8_) , bp 136-138° (20 mm). A glpc analysis
with a column temperature at 205°, a flow rate at 35 ml/min 
and other conditions the same as noted in the preparation of 
7 showed only one component at 10.0 min from the air peak.
The ir spectrum (9285, film) was entirely consistent with 
the proposed structure and a strong abosrption at vmax 1170 
cm The nmr spectrum (10589) of 8_ was entirely consistent
with the proposed structure and agreed well with the published
17 • •nmr data for this compound. The nmr data are summarized m
Table XIII at the end of this section.
Preparation of 3-Phenylthietane-1,1-dioxide (30).
An 0.5 g portion of 8^ (3.3 mmol) was oxidized with sodium 
permanganate in a manner similar to that for the oxidation of 
7 to 31. Upon recrystallization from 75 ml of water there 
was obtained 0.3 g (49% yield) of 3_0, mp 99-100°, (lit.17 mp
101-102°). The ir spectrum (11219, KBr) and the nmr spectrum 
(10647, CDCl^) were entirely consistent with the proposed
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structure, and the observed absorptions agreed well with the
17published absorptions for 3(K The nmr data for this 
material are summarized in Table XIV at the end of this 
section.
The Reaction of 3-Methyl-3-phenylthietane-l,1-dioxide 
with Lithium Aluminum Hydride. To a stirred mixture of 2.70 
g (0.0712 mol) of lithium aluminum hydride in 50 ml of an­
hydrous ether was added dropwise, over a period of 1 h r , a 
solution of 10.80 g (0.0550 mol) of 3-methyl-3-phenylthietane- 
1,1-dioxide in a mixture of 25 ml of anhydrous benzene and 
100 ml of anhydrous ether. Spontaneous refluxing occurred 
during the addition. When, after being stirred at ambient 
temperature for 2 hr, the mixture was decomposed by cautious 
addition, in the following order, of 3 ml of water, 3 ml of 
15% aqueous sodium hydroxide, and then 9 ml of water. The 
solids were removed by filtration and washed with 100 ml of 
ether, and the filtrate and ether washings were concentrated 
in vacuo on a rotary evaporator to give 8.9 g of an oil.
Upon distillation, there was obtained, 6.44 g (71% yield) of 
3-methy1-3-phenylthietane, bp 120-122° C/12 mm.
3-Methyl-3-phenylthietane-l-oxides (40a, 4 0b) . To 
a stirred and cooled (ice bath) solution of 16.4 g (0.100 
mol) of 3-methyl-3-phenylthietane in 60 ml of glacial acetic 
acid was added dropwise (over a period of 1 hr) a solution of
9.5 mol of commercial 30% hydrogen peroxide (0.105 mol 
hydrogen peroxide from tritrated value of 0.011 mol of 
hydrogen peroxide per ml of 30% solution) in 40 ml of glacial
Table XIII. NMR Spectra of Thietanes.
Compound Type of Shifts, Relative areas
(solvent) hydrogen (multiplicity;
J in Hz)a Found Calcd
3-Methy1-3-phenyl- Methyl. 1. 77 (s) 2.9 3
thietane (CDC10)
Thietane 2. 99 (d; 9.0)
3.78 (d; 9.0) 3.9 4
Aromatic 7.21 (m) 5.1 5
3-Phenylthietane Methine 4 . 45 (quint; 9.0) 1.0 1
(CC1,)
Lx
Thietane 3.34 (quint; 9.0) 4.0 4
Aromatic 7.23 (s) 5.0 5
3 - (p-Bromophenyl)- Methyl 1.74 (s) 2.9 3
3-methylthietane
(CC1.) Thietane 2.93 (d; 9.0)
Hr
3.65 (d; 9.0) 4.0 4
Aromatic 7.19 (2d) 4.1 4
Table XIII. (Continued)
Compound Type of Shifts, Relative areas
(solvent) hydrogen (multiplicity;
J in H z )a Found Calcd
2-Methylthietane Methyl 1.40 (d; 6.5) 2.9 3
(neat)
Thietane 2.32-4.20 (m) 5.1 5
3-Methyl-3-nitro- Methyl 1.98 (s) 2.9 3
thietane (neat)
Thietane 3.17 (d; 10.0)
4.03 (d; 10.0) 4.1 4
2-Thiaspiro[3.5]— Saturated
non-6-ene (CDCl^) cyclohexane 1.63-2.58 (m) 6 . 0 6
Thietane 2.63 (d; 8.0)
2.80 (d; 8.0) 4.1 4
Vinyl 5.65 (m) 2.0 2
2-Thiaspiro[3.5]— Cyclohexane 1.20-1.87 (m) 10.0 10
nonane (CC1.)
Thietane 2.83 (s) 4.0 4
2-Thia-5-methylspiro- Cyclohexane, 0.83-2.27 (m) 12. 0 12
[3.5]nonane (CCl^) methyl

















0.68-2.40 (m) 11.9 12
Thietane 2.78 (s) 





0.66-2.37 (m) 12.2 12
Thietane 2.85 (s) 
2.92 (s) 3.8 4
aSee Footnote a in table of diol nmr spectra.
Table XIV. NMR Spectra of Thietane Dioxides.
Compound Type of Shifts, Relative areas
(solvent) hydrogen (multiplicity;
J in Hz)a Found Calcd
3-Methy1-3-phenyl- Methyl 1.78 (s) 3.0 3
thietane-1,1-dioxide
(CDC1 -j) Thietane 4. 09 (d; 12.5)
J 4.48 (d; 12.5) 4.0 4
Aromatic 7.26 (m) 5.0 5
3 - (p-Bromophenyl)- Methyl 1.83 (s) 2.9 3
3-methy1thietane-
1,1-dioxide (CDC1-,) Thietane 4 .16 (d; 12.5)
4. 54 (d; 12.5) 4.0 4
Aromatic 7.37 (2d) 4.1 4
3-Phenyl-3-(2-propyl)- Methyl 0. 81 (d; 6.5) 6.0 6
thietane-1,1-dioxide
(CDC13) Methine 2 . 38 (hept; 6.5) 0.9 1
Thietane 4.42 (s) 4.0 4






























1.73-2.48 (m) 6 .1 6
Thietane 3.88 (s) 3.9 4
Vinyl 5.71 (m) 2 . 0 2
2-Thiaspiro[3.5]— 
nonane-2,2-dioxide
Cyclohexane 1.23-1.97 (m) 10.0 10
(CDC13 ) Thietane 3.80 (s) 4.0 4
2-Thia-5-Methylspiro- 
[3.5]nonane-2 , 2 -  
d i o x i d e  (CDC1-.)
Cyclohexane, 
methyl
0.82-2.30 (m) 11.9 12






0.67-2.20 (m) 12.1 12




















0.44-2.24 (m) 12.0 12
Thietane 3.81 (s) 4.0 4
See Footnote a in table of diol nmr spectra.
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acetic acid. Stirring was maintained for an additional 0.5 
hr in an ice bath and then for 2 hr at room temperature.
Then the bulk of the acetic acid was removed iri vacuo (oil 
pump) at room temperature. The nmr spectrum of this concen­
trate showed the absence of the starting material and the 
corresponding sulfone. Two methyl singlets were observed at 
(SI.61 (34.0%) and at 61. 46 (66.0%); these were assigned to
the two diastereomeric sulfoxides and integration of these 
gave the indicated product distribution. This concentrate 
was distilled under reduced pressure through a short path 
column from an oil bath at 170-180° to give 15.6 g (87% yield) 
of the diastereomeric 3-methy1-3-phenylthietane-l-oxides as 
a partially crystalline mass, bp 125-132° C/0.2 mm. The 
distilled product had the same isomer composition as the 
crude sulfoxide mixture prior to distillation.
Separation of 3-Methyl-3-phenylthietane-1-oxides. 
Isomer 40a. A solution of 15.6 g of distilled 3-methyl-3- 
phenylthietane-l-oxide isomers in carbon tetrachloride with
an isomer distribution of 34% 40a (5.3 g, 6,, 1.61) and 66%   ^ Me
40b (10.3 g, 1.46) was treated with n-heptane until
turbidity developed and then the solute was allowed to 
crystallize overnight at room temperature and then briefly 
in a refrigerator. Filtration afforded 4.4 g of somewhat 
moist solids, which were recrystallized four times from 
cyclohexane to yield 2.2 g of white, free-flowing needles.
By similar treatment of the concentrated mother liquors 
there was obtained an additional 1.1 g of the crystalline
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sulfoxide, which was combined with the previously obtained 
solids to yield a total of 3.3 g (62s recovery) of the pure 
isomer 4Oa of 3-methyl-3-phenylthietane-l-oxide, mp 88-89°, 
ir spectrum (11405 , K B r ; Appendix C) 1058 cm  ^ (S=0) ; nmr
(10189, CDC13 ; Appendix C) 61.65 (s, 3H, C CH^) , 3.33 (d of 
t, 2 H , J = 12.5 Hz, S CHaHe ) , 4.08 (d of t, 2H, J = 12.5,
Hz, S CH^H^), and 7.07-7.62 ppm (m, 5H, C C^H,.). Both halves 
of the thietane ring multiplet (63.33, 4.08) showed a sharp 
appearance.
Anal. Calcd for C^ q H ^ O S  (mol wt 180. 27) : C, 66.62 ;
H, 6.71. Found: C, 66.81; H, 6.92.
Isomer 40b. The concentrated mother liquors (12.3 
g) which remained after the crystallization sequences had 
removed 40a still contained about 15% of this isomer as shown 
by the nmr spectra. Therefore, this concentrate was placed 
onto a 33 X 3.3 cm column prepared from 250 g of Fisher 
Alumina (A-540) in cyclohexane and eluted as shown below. 
Other chromatographic procedures with similar solvents and 
silica gel as the adsorbant gave similar separation as that 
shown below. Fractions V, VI, VII were combined and dis­
tilled under reduced pressure to yield 5.4 g (52% recovery) 
of the pure isomer 40b of 3-methyl-3~phenylthietane-l-oxide 
as a thick, colorless oil, bp 117-120° C/0.2 mm, ir spectrum 
(11406, neat; Appendix C) 1071 cm ^ (S=0); nmr spectrum
(10188, CDC13 ; Appendix C) 61.47 (s, 3H, C CH3 ) , 3.43 (d,
broad, 2H, J = 11.0 Hz, S CH He ), 3.86 (d of t , sharp, 2H,
J - 11.0 Hz, S CH H ) , and 7.00-7.62 ppm (m, 5H, C C.-H,-).—  <3. —0 0— D
Solvent at Volume of






















4.6 Pure 4 0b
2.4 about 15% 40a
1.2 about 15% 40a
2.0 moist crystals
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The doublet at 63.43 sharpened and attained the appearance of 
the doublet at 63.86 when the methyl singlet (61.47) was ir­
radiated (decoupled); under favorable circumstances the methyl 
group (61.47) was partly resolved into a sharp triplet with 
a 0.8 Hz separation of the peaks.
Anal. Calcd for (mol wt 180.27): C, 66.62;
H, 6.71. Found: C, 66.49; H, 6.75.
Reaction of 3-Methyl-3-phenylthietane with Sodium 
Hypochlorite. To 2.46 g (0.0150 mol) of 3-methyl-3-phenyl- 
thietane in an ice bath was added 33.0 ml of an aqueous solu­
tion of sodium hypochlorite (0.0167 mol of NaOCl total with 
an assayed strength of 0.000506 mol of NaOCl/ml of solution) 
at 5°C (commercial bleach solution with a given 5.25% NaOCl 
content which had been assayed immediately prior to use by 
the technique described for the tritration of the DMF solu­
tions of Chloramine-T). The mixture was then stirred vigor­
ously for 1 hr in an ice bath, after which time the reaction 
mixture was extracted 7 times with 10 ml of methylene chloride. 
The combined methylene chloride extracts were washed once with 
20 ml of a saturated sodium chloride, dried (MgSO^), and 
concentrated in vacuo on a rotary evaporator to give 2.65 g 
(98% yield) of a light yellow oil which solidified for the 
most part upon standing overnight. The nmr spectra of this 
product indicated that the product consisted only of the 
corresponding sulfone, 3_1 (13.6%), and the two sulfoxides,
40a (47.8%) and 40b (38.7%) with the given product distribu-
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tion. The ir spectrum (20276, neat) was entirely consistent 
with the above result.
The NMR Spectra of 40a and 4Ob in Benzene. The nmr 
spectra of increasingly dilute solutions of 40a and 40b were 
recorded and the nmr chemical shifts of the methyl and the 
methylene protons were determined relative to an internal 
TMS standard. The methylene protons appeared as two doublets, 
each of whose components had additional fine structure. The 
chemical shifts of the methylene protons were taken to be 
the centers of each of the two doublets. Results are 
summarized in Table XV.
Attempted Thermal Equilibration of the Solid (40a) and 
Liquid (4Ob) Isomers of 3-Methyl-3-phenylthietane-l-oxide.
The thermal equilibrations of these isomeric sulfoxides were 
performed as described later for the sulfilimines 6 0a and 
6 0b; the refluxing vapors of mesitylene (bp 164°C), p-bromo- 
toluene (bp 183°C), acetophenone (bp 201°C), and p-methyl- 
acetophenone (bp 223°C) were used to provide the indicated 
constant temperature medium.
The solid sulfoxide isomer, 4 0 a , was heated for 8.0 
hr at 164°; the nmr spectrum of the sample after heating 
(15129, CDCl^) showed about 7% of the liquid sulfoxide isomer 
40b, and a negligible decomposition of the sample. However, 
it was dark brown by this time.
The liquid sulfoxide isomer, 40b, was heated for 1.4 
hr at 183°; the nmr spectrum (9351 b, neat) showed no apprec­
iable presence of the solid sulfoxide isomer, 40 a , and a 
negligible decomposition of the sample.
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Table XV. Chemical Shift Study of 4Oa and 40b in Benzene.
Compound % (w/vol PhH) 6 Me 6CH—a 6CH —e
4 0a 48.0 1. 37 3.18 3.75
24.0 1.31 3.12 3.66
16. 0 1.26 3.07 3 .59
12 . 0 1.24 3.00 3 . 52
5.7 1.19 2. 93 3.43
2.8 1. 17 2.89 3. 39
40b 54.1 1.13 3.28 3.46
27.1 1. 08 3.25 3. 36
18 . 0 1. 04 3.23 3.33
13 . 5 1. 02 3.22 3.26
6.4 0. 96 3.16
3 .1 0. 94 3.14
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The liquid sulfoxide isomer, 40b, was heated for 0.5 
hr at 201°; the sample was very dark by the end of the heating 
period, but the nmr spectrum (9351 d, neat) showed negligible 
decomposition of the sample and also showed the presence of 
7% of the solid sulfoxide isomer, 40a.
A solution of the solid sulfoxide, 40a, in a-bromo- 
naphthalene was heated at 201°C for 0.5 hr; the nmr spectrum 
of this (9359 a) indicated the presence of 10% of the liquid 
sulfoxide, 40b, in the sample and also showed slight decom­
position of the sample.
A solution of the solid sulfoxide, 40a, in a-bromo- 
naphthalene was heated at 223° for 0.25 hr; the nmr spectrum 
(9359 b) indicated an extensive decomposition of the sample.
A solution of the liquid sulfoxide, 40 b , in a-bromo- 
naphthalene was heated at 223° for 0.5 hr; the nmr spectrum 
(9364 a) showed that the sulfoxide had been completely 
decomposed.
Equilibration of 3-Methyl-3-phenylthietane-l-oxides,
40a and 40b. Method 1. Into an nmr sample tube was weighed 
accurately (0.2-0.3 g) of a pure isomer of 3-methyl-3-phenyl- 
thietane-l-oxide, which was then dissolved in 0.5 ml of 
deuteriochloroform and 5 pi of commercial 37% hydrochloric 
acid; the tube was flushed briefly with nitrogen, capped with 
a leak-proof cap and shaken at intervals over a period of 48 
hr. A total of 8 samples (4 samples of each isomer) with a 
2.080 g sulfoxide content were made up in this manner. After 
the elapsed time, the nmr spectra were taken of these samples
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(the sample tube contained a minute, upper aqueous phase 
which did not interfere with the analysis) and careful elec­
tronic integrations of the scale-expanded spectra (100 Hz) 
were performed in the absorption region for the thietane- 
ring methyl group; the product distributions were calculated 
from these results. The samples were then combined and 
worked up as described for Method 2 below to yield 2.118 g 
of a thick oil, whose nmr spectrum (15633; CDCl^) indicated 
only the presence of the two sulfoxide isomers, 4 0a 
(24.9 + 0.5%) and 4Ob (75.1 + 0.5%). Analysis of the mixture by 
tic (double elution with air drying of the plate between runs) 
with ether as the eluent showed the presence only of two 
spots with the same retention values as isomer 40a (apparent 
Rf 0.15) and isomer 40b (apparent Rf 0.27). The results of 
these equilibrations are summarized in Table XVI.
Method 2 . These equilibrations were performed in
dioxane in a manner similar to that described by Mislow and 
94coworkers. A 0.543 g sample of the liquid isomer (40b) of 
3-methyl-3-phenylthietane-l-oxide was dissolved in 3.0 ml of 
dioxane; and to the solution was then added 0.2 ml of con­
centrated hydrochlorid acid (37%). The flask was swirled to 
mix the contents; the flask was flushed with nitrogen, 
stoppered, and was allowed to stand for 48 hr. Then the 
mixture was poured into 50 ml of a 5% aqueous sodium carbo­
nate solution which had been saturated with sodium chloride; 
the product was extracted five times with 25 ml of chloro­
form. The combined chloroform layers were dried (MgSO^) and
Table XVI. Equilibration of Sulfoxide Isomers 40a and 40b in Chloroform.
Starting Isomer distribution Avg deviation
isomer 40a% 40b% (no measurements) (Spectrum no.; solvent)
40a 26.2 73.8 0.3 (7) (15608-2; c d c i 3)
40a 24.9 75.1 0.3 (8) (15608-4; c d c i 3 )
40a 26.1 73.9 0.3 (6) (15608-6; c d c i 3)
40a 26.7 73.3 0.3 (6) (15608-8; c d c i 3)
40b 24. 3 75.7 0.3 (6) (15608-1; c d c i 3)
4 0b 25.8 75.2 0.5 (7) (15608-3; c d c i 3)
40b 26.3 73.7 0.3 (6) (15608-5; c d c i 3)
40b 26. 9 73.3 0.3 (7) (15608-7; CDC13
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concentrated in vacuo on a rotary evaporator to yield 0.559 g 
of a thick oil.
The same procedure with 0.575 g of the solid sulfoxide 
isomer, 40a, ga^e a recovered yield of 0.599 g of the mixed 
sulfoxides.
A sample of each isomer (about 0.2 g) was also equil­
ibrated in an nmr tube without the isolation of the products; 
the nmr absorption of dioxane was sufficiently removed to 
allow for the analysis of the isomer distribution of the 
sulfoxides. The isomer distribution of the products was 
determined from an analysis of the nmr spectra as described 
for Method 1; tic, as before, indicated the presence of only 
the two sulfoxide isomers. The results of these equilibrations 
are summarized in Table XVII. The validity of the nmr 
analysis was checked by making up known mixtures of the two 
sulfoxide isomers, 40a and 40b, in chloroform and the scale 
expanded (100 Hz) nmr displays of the thietane methyl region 
(51.46, 1.61) were integrated electronically. The composi­
tion of the mixtures were determined from these data, which 
are summarized in Table XVIII.
Preparation of Chloramine-T Solution in Dimethylform- 
amide. NOTE. Although several preparations of this reagent 
were carried out without any problems, the inherently hazard­
ous nature of these haloamide oxidants was recognized and the 
preparations as well as the handling of the solutions were 
conducted with due care.
a








(no measurements) (Spectrum n o . ; solvent)
40a 28.1 71. 9 0.6 (7) (15634; CDC13)
40a 29.1 70.9 0.4 (9) (15609; dioxane)
40b 28.2 71. 8 0.4 (6) (15635; CDC13)
40b 30.0 70.0 0.4 (11) (15610; dioxane)
These data give an equilibrium value of 28.9+0.7% for isomer 40a.
Table XVIII. Accuracy of Sulfoxide Isomer Distributions from NMR Integrations.
Sample (spectrum no.) % 4 0a in sample
Observed % 4 0a in sample + ave 
deviation (no measurements)
1 (15606, 15596 A) 9.95 10.16+0.36 (10)
] (15598 A) 18.53 18.83+0.55 (12)
3 (15600 A) 23.70 23.79+0.53 (15)
4 (15601) 28.80 29.16+0.42 (12)
5 (15602) 33.12 32.28+0.46 (12)
6 (15603) 35.17 34.91+0.55 (12)
7 (15604) 44.40 43.62+0.58 (12)





A typical preparation is described below. Into a 
1000 ml flask equipped for distillation was charged a solu­
tion of 100 g (0.355 mol) of Chloramine-T in 500 ml of di- 
methylformamide (DMF). To this was then added 150 ml of 
chlorobenzene; the equipment was shielded from the operator 
with a safety screen, and the distillation was begun under 
an aspirator vacuum of about 12 mm while the distillation 
flask was warmed in a water bath at 65-70°C. After 100 ml 
had been collected, the distillate became homogenous and 
the distillation was continued until 350 ml of distillate 
had been collected, bp 45-61°C, total distillation time 1.5 
hr. The bright greenish-yellow solution which remained in 
the distillation flask contained only a slight amount of 
solid (decomposition of Chloramine-T as evidenced by forma­
tion of sodium chloride) and was considered to be an anhy­
drous solution of Chloramine-T in DMF with an assayed 
strength of 0.657 meq of haloamide per ml of the DMF solu­
tion. This solution lost active halogen content on storage 
(dark bottle, room temperature) so that, in general, it was 
used within a few days of preparation.
This reagent was assayed for active halogen content 
immediately prior to its use in sulfilimine preparation.
Thus, a 5 ml portion was pipetted exactly into an aqueous 
solution of 2.0 g (0.012 mol) of potassium iodide which had 
been acidified with sufficient 2N sulfuric acid to ensure that 
the titrated mixture remained acidic throughout the titration.
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After a brief mixing, the mixture was tritated with 
standardized 0.1 N thiosulfate to the starch endpoint and 
the haloamide content was calculated with two equivalents 
of iodine corresponding to 1 mol of active halogen or halo­
amide. A range of values, 1-0.4 meq of haloamide per ml of 
the DMF solution, was observed.
3-Methyl-3-phenylthietane-N-(p-toluenesulfonyi)- 
sulfilimines 6 0a and 60b. Method 1. In a typical prepara­
tion, a stirred solution of 1.75 g (0.0107 mol) of 3-methyl- 
3-phenylthietane in 25 ml of dichloromethane was treated 
with a mixture of 3.40 g (0.0121 mol) of sodium N-chloro-p- 
toluenesulfonamide trihydrate (Chloramine-T) and 2.0 g of 
anhydrous magnesium sulfate; no apparent reaction ensued. 
Addition of 3.0 ml of methanol caused an immediate heat 
evolution and the dichloromethane refluxed for a brief 
period. After 10 min the reaction was tested for free 
thietane by allowing a few drops of the reaction solution 
to evaporate on a piece of filter paper; no odor of the 
starting thietane could be discerned. The reaction mixture 
was then filtered, the solids were washed with 25 ml of 
dichloromethane and the filtrate was washed with 25 ml of 
a 5% aqueous sodium hydroxide solution, once with water, 
dried (MgSO^) and concentrated on a rotary evaporator in 
vacuo to yield 3.2 g (90% yield if 100% sulfilimine content) 
of a thick yellowish gum. Examination of the thietane ring 
region by nmr, 6CDC1 3.58-4.35, indicated an approximate 
sulfilimine isomer distribution of 60% for 60a and 40% for
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6 0b; the spectra also suggested the presence of other materials 
(about 20%), possibly the corresponding sulfoxides.
6 0a. A 6.4 g portion of the yellow gum obtained above 
was taken up in 30 ml of hot benzene and when the solution had 
cooled to room temperature, 20 ml of ether was added to the 
solution and the material was allowed to stand. After two 
days (very slow crystallization) the crystals were collected 
by filtration, dried, and then recrystallized from 30 ml of 
ethyl acetate to give 0.8 g of white crystals, mp 154-155°, 
ir (10918, KB r ; Appendix C) 970 cm  ^ (S=N) was the same as
that determined by the mull technique in the range of 400- 
1300 cm The nmr spectrum (10298, CDCl^; Appendix C)
showed absorptions at 7.34-7.94 (m, 9H), 3.90-4.46 (d of d,
4 H , J = 11.0 Hz, CH2 S CH_2 ), 2.48 (s, 3H, C gH4 CH_3 ) , and 1.72
ppm (s , 3H, C C H ^ ).
A n a l . (Schwarzkopf) Calcd for C 4^H4gNC>2S2 (mol wt
333.46): C, 61.23; H, 5.74. Found: C, 61.51; II, 5.66.
60b. The benzene-ether solution which remained
after the initial crystallization of isomer 6 0a above was
concentrated in vacuo on a rotary evaporator and the residue
was crystallized from 20 ml of isopropyl alcohol to give 1.8
g of isomer 60b as a white, crystalline mass, which was
readily soluble in benzene, mp 114-115°; ir (10919, KBr;
Appendix C) 990 cm  ^ ( S = N ) ; nmr 67.33-7.89 (m, 9H), 4.14 (s
with possible very weak side bands, 4H, CH_2 S CH2 ) , 2.38
(s, 3H, C,H. CH 0) , and 1.67 ppm (s, 3H, C C H O .  In benzene 
D 4 — J —
solution the singlet at 64.14 became resolved into the typical
176
d of d structure with additional fine structure in each com­
ponent and with both halves showing a sharp appearance.
Anal. (Schwarzkopf) Calcd for C ]_7H ^9N02S2 wt
333.46): C, 61.23; H, 5.74. Found: C, 61.36; H, 5.65.
Method 2 . To a freshly prepared solution of 3.4 g 
of Chloramine-T in 25 ml of pyridine was added, dropwise and 
with stirring, over a period of 30 min a solution of 1.70 g 
(0.0103 mol) of 3-methyl-3-phenylthietane in 10 ml of pyridine. 
The reaction temperature was maintained by means of a water 
bath held at 24°. The reaction mixture was stirred for an 
additional 30 min, and then the mixture was poured with 
vigorous stirring into 500 ml of 5% sodium hydroxide. A 
thick oil was precipitated which readily solidified to white, 
finely divided solids. The solids were filtered, washed well 
with water, and air-dried to yield 2.60 g (76% yield) of the 
mixed sulfilimine isomers 60a and 60b.
Another similar reaction with 2.60 g (0.0158 mol) of 
the starting thietane afforded 3.80 g (72% yield) of mixed 
60a and 60b. The nmr spectra of these products indicated 
that only the two sulfilimine isomers were present in the 
product. Careful integrations of the scale-expanded thietane 
ring region, 5CDC1 3.58-4.35, showed that isomer 60a com­
prised 73% and 69% of the two products, respectively.
Method 3 . A 250 ml flask, equipped with a drying 
tube, stirrer and additional funnel was charged with 140 ml 
of an anhydrous solution of Chloramine-T in DMF (0.0553 mol 
total Chloramine-T content), prepared as described previously.
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The solution was cooled in an ice-bath to 5° and to this 
vigorously stirred solution was added in one portion, 8.20 g 
(0.0499 mol) of 3-methyl-3-phenylthietane. The temperature 
of the reaction rose rapidly to 7° and then dropped slowly 
while the solution immediately clouded (NaCl ppt). After 30 
min the reaction mixture was poured into 700 ml of water; 
the precipitated solids were collected, washed twice with 
100 ml of water, twice with 50 ml of a 10% solution of sodium 
hydroxide, twice again with water and then air-dried to give 
15.85 g (95% yield) of a white powder). The nmr spectrum of 
this material indicated that it consisted entirely of the 
two sulfilimine isomers, 6 0a and 60b. The isomer distri­
bution was obtained from scale expanded nmr spectra (100 Hz) 
by a careful integration with a planimeter of the thietane 
ring methyl absorptions (6 1.23, 1.37); addition of
L.UL.1  ^n^ - 
3 b o
benzene to the nmr sample caused a sufficient separation of 
the methyl singlets. Isomer 6 0a was found to constitute 
54.5%+2.5% avg deviation (three displays with duplicate inte­
grations) of the sample with the remainder (45.5%) being 
isomer 60b. Other preparations with this anhydrous reagent 
gave similar (95-110% yields) yields of the mixed sulfilimines.
Control Reaction I for 3-Methyl-3-phenylthietane-N- (jj- 
— toluenesulfonyl)-sulfilimines. A stirred mixture of 0.669
g (0.00407 mol) of 3-methyl-3-phenylthietane, 0.924 g (0.00277 
mol) of 3-methyl-3-phenylthietane-N-(p-toluenesulfonyl)- 
sulfilimine isomer 60a in 10 ml of DMF (6 0a was not totally 
soluble at the beginning of the reaction but went into solu­
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tion as the reaction progressed) was cooled in an ice bath 
and then 4.5 ml (0.00473 mol of Chloramine-T) of an anhydrous 
solution of Chloramine-T in DMF was added over a period of 30 
min. After an additional 30 min the mixture was poured into 
100 ml of water. The solids were collected, washed success­
ively with 5% sodium hydroxide solution and water and then 
dried thoroughly to yield 2.215 g (97%) of white solids. 
Analysis of the nmr spectra of this product indicated that 
it consisted entirely of the two sulfilimine isomers, 60a 
(71.4+1% average of six electronic integrations) and 6 0b 
(38.6+1%) with the given isomer distribution obtained from 
scale-expanded spectra of the thietane ring methyl region.
The expected distribution of these isomers was calculated to 
be 74% for 60a and 26% for 60b from the observed values of 
55% of isomer 6 0a and 45% of isomer 60b when prepared by 
Method 3 described above.
When 0.579 g (0.00174 mol) of isomer 6 0a in 2 ml of 
DMF was treated with 2 ml (0.00210 mol) of an anhydrous 
Chloramine-T solution in DMF for 4 hr at room temperature, 
0.567 g (98%) of isomer 6 0a was recovered, mp 154-155°C.
Control Reaction II for 3-Methyl-3-phenylthietane-N- 
(p-toluenesulfonyl)-sulfilimines. The reaction was repeated
in exactly the same was as described for Control Reaction I 
above with 0.686 g (0.00418 mol) of 3-methyl-3-phenylthietane, 
0.920 g (0.00276 mol) of sulfilimine isomer 60 b , and 4.5 ml 
(0.00473 mol of Chloramine-T) of the anhydrous Chloramine-T 
solution in DMF. Upon workup, there was obtained 2.220 g
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(96%) of white solids. Analysis of the nmr spectra of this 
product indicated that it consisted entirely of the two sulfil­
imine isomers, 60a (32.7+1%; average of six electronic inte­
grations) and 6Ob (67.3 + 1%). The expected distribution of 
these isomers was calculated as before to be 32% of 60a and 
68% of 6 0b.
Treatment of 0.536 g (0.00161 mol) of 60b with an 
anhydrous Chloramine-T solution in DMF as described for isomer 
60a, gave, upon workup, 0.440 g (82% recovery) of isomer 60b, 
mp 114-115°C.
3- (p-Bromophenyl)-3-methylthietane-N-(p-toluenesul- 
fonyl)-sulfilimines, Isomers 6 3a and 63b. These sulfilimines 
were prepared by Method 3, described above for the preparation 
of the corresponding 3-methyl-3-phenylthietane derivatives.
The reaction product of a solution of 7.30 g (0.0300 mol) of 
3 - (p-bromophenyl)-3-methylthietane in 30 ml of DMF with 33 ml 
(0.0333 mol of haloamide) of an anhydrous 1.01 M solution of 
Chloramine-T in DMF was poured into a solution of 10 g of 
sodium hydroxide and 50 g of sodium chloride in 500 ml of 
water. Thus, there was obtained 12.20 g (98% crude yield) of 
the mixed 3 - (p-bromophenyl)-3-methylthietane-N-(p-toluene- 
sulfonyl)-sulfilimine isomers, 6 3a and 6 3b. The nmr spectra 
of this product (18720, CDCl^/ T M S ; 18720 A, B, 1:1 benzene: 
deuteriochloroform, 100 Hz expansions) indicated only the 
presence of the two sulfilimine isomers with an isomer dis­
tribution of 47.4+0.5% for 63b and 52.6+0.5% for 6 3a obtained 
from careful, duplicate integrations with a planimeter of
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five scale-expanded displays of the thietane ring methyl 
absorptions corresponding to each isomer.
Isomer 63a. An 11.0 g sample of the mixed sulfili­
mine isomers was eluted from silica gel with chloroform and 
chloroform-ether mixtures. The chromatography was followed 
by tic (double elution with chloroform and air-drying of 
plate between elutions) and the first fraction was collected 
(500 ml) when the product started coming off the column; upon 
concentration, in vacuo, on a rotary evaporator, there was 
obtained 5.1 g of a white solid whose composition was esti­
mated by tic to be 75% of isomer 63a (apparent R^ 0.52) and 
25% of isomer 63b (apparent 0.34). This enriched mixture 
was crystallized twice from benzene to yield 2.31 g of pure 
sulfilimine isomer 6 3a, mp 155.5-156.5°; ir (20862, double 
mull; Appendix C) 971 cm  ^ (S=N); nmr (516, CDCl^; Appendix
C) 67.11-7.92 (m, 8H, aromatic), 4.33 (d with fine structure, 
broadened, 2H, J = 11.0 Hz, S CH H ), 3.93 (d with fine
—  — cl 0
structure, sharp, 2H, J = 11.0 Hz, S CH H ), 2.40 (s, 3H,—  3.— 0
CgH^ CH ^ ) , and 1.62 ppm (s, broad, 3H C CH_3); nmr (516A,
2:1/PhH:CDCl^) 64.09 (d with fine structure, broadened, J =
11.0 Hz, S CH H „ ), 3.17 (d with fine structure, sharp, J =
— 3  J>
11.0 Hz, S CH H ), 2.12 (s, C cH. CH-.), and 1.03 ppm (s, broad,
0 — 0 b 4 —
C CH_3) .
Anal. Calcd for C _H10BrNO S (mol wt 412.37): C,
  1 / I o Z Z
49.51; H, 4.40; N, 3.40. Found: C, 49.49; H, 4.51; N, 3.50.
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Isomer 63b. The chromatography yielded several 
more fractions which contained both isomers before pure 
isomer 6 3b was eluted; a total of 2.1 g of pure isomer 63b 
was collected. The isomer was recrystallized from a mixture 
of 2-propanol and water to give 0.52 g of isomer 6 3 b , mp 
15 9. 5-160. 5°; ir (20863, double mull; Appendix C) 985 cm 
(S=N); nmr (517, CDCl^; Appendix C) 67.24-7.93 (m, 8H,
aromatic), 4.19 (s with very small side peaks, 4H, CH^ S CH ^ ), 
2.40 (s, 3H, C H ^ ), and 1.68 ppm (s, sharp, 3H, C CH^);
nmr (517A 2:1/Ph:CDCl^) 63.90 (d with fine structure, sharp,
J = 11.0 Hz, S CH H ), 3.48 (d with fine structure, sharp, J
—  — 3. 0
= 11.0 Hz, S CH H ), 2.12 (s, C,H. CH.,), and 1.21 ppm (s,
3.— 0 D 4 —
sharp, C C H ^ ).
Anal. Calcd for C n _,H. oBrN0„So (mol wt 412.37): C,
-----  1 / lo A A.
49.51; H, 4.40; N, 3.40. Found: C, 42.29; H, 4.43; N, 3.50.
3-Methyl-3-nitrothietane-N-(p-toluenesulfonyl)- 
sulfilimines, Isomers 65a and 65b. These sulfilimines were 
prepared by Method 3, described above for the preparation of 
the corresponding 3-methyl-3-phenylthietane derivatives. A 
solution of 4.00 g (0.0300 mol) of 3-methyl-3-nitrothietane in 
30 ml of DMF was allowed to react with 33 ml (0.0333 mol of 
haloamide) of an anhydrous 1.01 M solution of Chloramine-T 
in DMF. The reaction mixture was poured into 500 ml of a 
saturated sodium chloride solution, followed by a slow addition 
of a 5% aqueous sodium hydroxide solution. Addition of the 
base, which caused an immediate yellowing of the mixture, was 
discontinued after about 2 ml of the hydroxide solution had
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been added. The solid product was isolated by filtration, 
washed well with water, and dried to give 8.40 g (93% crude 
yield) of the crude mixed isomers. The nmr spectra of this 
product (15717, CDCl^; Appendix C) indicated only the presence 
of the two sulfilimine isomers with an isomer distribution of 
34.6+1.2% for 65b (6^e 1.99, width at half-heigth = 0.8 Hz) 
and 65.4+1.2% for 65a (^Me 1.82, width at half-heigth = 1.6 
Hz) obtained from careful, duplicate integrations with a 
planimeter of five scale-expanded (100 Hz) spectra of the 
thietane ring methyl absorptions corresponding to each isomer.
3-Phenyl-3-(2-propyl)-thietane-N-(p-toluenesulfonyl)- 
sulfilimines, (Mixed Isomers). The above reaction was re­
peated with 3.85 g (0.0176 mol) of 3-phenyl-3-(2-propyl)- 
thietane (10J, from Preparation 2 with an 88% content of 1 0 , 
in 20 ml of DMF with 22 ml (0.0222 mol of haloamide) of an 
anhydrous 1.01 M solution of Chloramine-T in DMF. The re­
action mixture was poured into a solution of 10 g of sodium 
hydroxide and 50 g of sodium chloride in 500 ml of water, and 
the precipitate was collected and dried to give 6.40 g (100% 
crude yield) of the mixed sulfilimine isomers. The nmr spectra 
of this product (251, 251A, CDCl^; Appendix C) indicated only 
the presence of the two sulfilimine isomers with an isomer 
distribution of 42.7+1.2% and 57.3+1.2% obtained from the 
careful, duplicate integrations of five scale-expanded 
spectra (270 Hz) of the isopropyl group methyl absorptions 




mine, 66. This sulfilimine was prepared by Method 2 described 
above for the preparation of the corresponding 3-methy1-3- 
phenylthietane derivatives. The reaction mixture of 1.40 g 
(0.00984 mol) of 2-thiaspiro[3.5]nonane in 25 ml of pyridine 
with 3.40 g (0.0121 mol) of Chloramine-T in 10 ml of pyridine 
was poured into an aqueous sodium hydroxide solution. This 
mixture was then extracted several times with chloroform and 
the combined chloroform extracts were washed with water and 
dried (MgSO^). Upon concentration there was obtained 3.30 g 
of a yellowish gum, which crystallized for the most part after 
standing for several weeks. This material was recrystallized 
from about 40 ml of an aqueous-2-propanol to give 1.95 g 
(64% yield) of 6J5 as white needles, mp 101.5-102.5°C, ir 
(20386, double mull; Appendix C) 974 cm ^ ; nmr (14919, CDCl^; 
Appendix C) 1.15-1.84 (m, 10H, cyclohexyl), 2.38 (s, 3H,
CH^), 3.63 (s, 4H, S C H ^ ), and at 7.24 and 7.76 ppm (d of
d, 4H, J = 8.0 Hz, tolyl).
Anal. Calcd for C, . NO„S„ (mol wt 311.46): C, 57.84 ;  15 21 2 2
H, 6.80; N, 4.50. Found: C, 57.89; H, 6.85; N, 4.50.
2-Thiaspiro[3.5]nonane-N-(p-toluenesulfonyl)-sulfoxi- 
mine, 6^ 9. This sulfoximine was obtained by the permanganate 
oxidation of the corresponding sulfilimine, 66_, in a manner 
similar to the analogous transformation of the 3-methyl-3- 
phenylthietane derivative. Thus, from 1.00 g (0.00321 mol) of 
66, there was obtained 1.00 g of a thick gum; recrystallization 
of this gum from 50 ml of carbon tetrachloride gave 0.80 g
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(76% yield) of the sulfoximine 69_, mo 137-138°, with resolid­
ification and remelting at 141-142°, ir (20387, double mull; 
Appendix C ) ; nmr (15037, CDC13 ; Appendix C) 61.15-1.98 (m,
10H, cyclohexyl), 2.38 (s, 3H, CH3 ), 3.88 and 4.30 (d
of d, 4H, J = 14.0 Hz, CH^ S CH^), 7.26 and 7.83 ppm (d of d,
4H, J = 8.0 Hz, tolyl).
Anal. Calcd for C p5H 21N°3S2 wt 327.46): C,
55.01; H, 6.46; N, 4.28. Found: C, 55.12; H, 6.35; N, 4.38.
2-Thia-7-methylspiro[3.5]nonane-N -(p-toluenesulfonyl)- 
sulfoximine, 70. The corresponding sulfilimine precursor 
was prepared as described above for 66_. Oxidation of the 
crude sulfilimine-containing gum (this sulfilimine could not 
be obtained in a crystalline form) gave 1.80 g of white solids, 
which were recrystallized from 125 ml of carbon tetrachloride 
to give 1.30 g (66% yield based on the starting sulfide) of 
7 0 , mp 144-145°C; ir (20375, double mull; Appendix C); nmr 
(14918, CDCl^; Appendix C) 60.62-2.28 (m, 12H, 4-methylcyclo- 
hexyl), 2.38 (s, 3H, C H 3 ) , 3.86 and 4.29 (d of d, broad
with additional fine structure, 4H, J = 13.5 Hz, CH S C H ^ ) ,
7.23 and 7.81 ppm (d of d, 4H, J = 8.0 Hz, tolyl).
Anal. Calcd for C, CH_-.NO-,S„ (mol wt 341. 48): C, ---- 16 2 3 3 2
56.27; H, 6.79; N, 4.10. Found: C, 56.24; H, 6.85; N, 4.12.
Thermal Equilibration of 3-Methyl-3-phenylthietane-N- 
(p-toluenesulfonyl)-sulfilimines, 60a and 60b. A vapor bath 
was constructed from a single-necked, 500 ml, round-bottomed 
flask fitted with a Claisen adapter; the side arm of the 
adapter was equipped with an air condenser, while the straight
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part was closed off with a glass stopper. Into the flask 
was then placed about 250 ml of mesitylene, bp 164°. The 
flask was set into a rheostat-controlled heating mantle and 
the Claisen adapter as well as the exposed portions of the 
flask were insulated well with glass wool and aluminum foil. 
The flask was then heated at such a rate as to bring the 
refluxing vapor ring into the air condenser, well above 
either arm of the Claisen adapter, without the presnece of 
vapor-driven foam in any part of the Claisen adapter. When 
these conditions were met and the vapor ring had reached a 
stable position, the equipment was considered to be ready 
for use.
Approximately 0.1 to 0.2 g of pure sulfilimine isomer 
60a or 6Ob was weighed into a clean, standard 5 mm glass nmr 
sample tube. The solid was packed thoroughly into the bottom 
of the tube by repeated tapping and care was taken that no 
appreciable amount of material remained adhering to the upper 
walls of the tube. The tube was then fitted into a rubber 
stopper which also contained a thermometer in such a way that 
the sample to be equilibrated was at the level of the pre­
positioned thermometer bulb; this ensured that the sample 
would be in an active reflux zone, below the level of the 
side arm of the Claisen adapter. The sample tube (two 
samples could be run simultaneously) was flushed with a slow 
stream of nitrogen for 5 min and then the sample was immersed 
into the vapor bath by exchanging the glass stopper on the 
straight portion of the Claisen adapter for the described
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sample-thermometer assembly. The heating time was measured 
from this time by a photographic timer. After 5 min (the 
refluxing vapor ring had regained its former position in 
about 3 min, and the sample had melted fully in about the 
same time) the nitrogen bleed was removed and the sample 
tube was stoppered tightly. The sample tube was removed from 
the heat after the indicated elapsed time (see below) and the 
short heating time samples were quenched in water at room 
temperature.
The sample was then dissolved in 0.5 ml of deuterio- 
chloroform and 0.5 ml of benzene, and the isomer distribution 
was determined from careful integrations of the scale expanded 
nmr spectra of the thietane ring methyl absorptions. An 
estimate of the sulfilimine decomposition was made from a 
comparison of the response ^rea/t>roton) for the thietane ring 
methyl group to the aromatic (tolyl) methyl group response; 
the thietane ring methylene response was similar to that of 
the thietane ring methyl group and both were lower than the 
response for the aromatic group whenever decomposition was 
apparent.
A check of the weight of several samples before and 
after heating showed that there was no apparent weight loss 
during the equilibrations. The results of the equilibrations 
are summarized in Table XX.
Table XIX. Solution NMR Spectra of 56 and Silver Nitrate.
SAMPLE
(Solvent)




61.10 J=7.5Hz(t) 60.79 J=7.5Hz(t) 61.13 J= 7 .5Hz(t) 60.94 J=7.5Hz(t)
C— 3
(aromatic)
62.25 (s) 61.93 (s) 62.31 (s) 62.10
c h 2-s 62. 95 J=7.5Hz(q) 62.49 J=7.5(q) 62 . 98'-3.68 (m)a 62.52-3.65 (m)b
Aromatic 66. 77'-7.60 (m) 66.97 -7.95
aThe center of this symmetrical multiplet was at 6 3.33.
The center of this multiplet was at 6 3.08 and the multiplet had the appearance of two 
overlapping octets. First order analysis indicated an 11 Hz separation between the 
octets at 62.99 and 63.17.
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Table XX. Thermal Equilibration Data for Sulfilimines.





(as % 60a and 
6 0b remaining)




1 0 100 0 0
2 5 99.0 est 9 8.9
3 15 98.0 est 20.2 19. 8
4 24 97 .1 23.5 22 . 8
5 30 95. 3 30.6 29.2
6 30 97. 3 31.2 30.4
7 35 96. 0 34 . 3 32 . 9
8 50 88.6 36.7 32.5
9 50 90. 9 36. 7 33.4
10 57 94. 9 36.8 34 . 9
11 60 93.2 33.4 31.1
12 65 94. 2 37.0 34 . 9
13 75 81.6 38.2 31.2
14 84 89.9 37 . 6 33 . 8
15 90 91. 9 35.4 32.5
16 95 82 . 0 37.7 30.9
17 105 86. 6 37.7 32.6
aObserved % 60b with respect to total sulfilimine isomer
content.
Observed % 60b times the decomposition.
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Table XX. (Continued)











1 0 100 0 0
2 5 99.0 est 20.1 19. 9
3 15 98.0 est 37.8 37 . 0
4 24 96. 5 44 .1 42. 6
5 30 97.1 46.3 45 . 0
6 30 97. 3 50.7 49.3
7 35 93.1 50.7 47 . 2
8 50 93.3 55.3 51. 6
9 50 93.8 54.9 51.5
10 57 88.8 61.8 54 . 9
11 60 95.4 62 . 3 59.4
12 65 92 . 7 58 .1 53 . 9
13 75 89.8 59.0 53. 0
14 84 81.1 60.9 49.4
15 90 91.1 63.3 57 . 7
16 95 87 . 7 60.6 53.1
17 105 86 . 9 61.8 53.7
aObserved 
content.
% 60a with respect to total sulfilimine isomer
^Observed % 60a times the decomposition.
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Separation of 3-Methyl-3-phenylthietane-N-(p-toluene- 
sulfonyl)-sulfilimine Isomers 60a and 60b. It proved to be 
very difficult to achieve the complete separation of sulfil­
imine isomer 60b from the other, less soluble isomer 60a by 
crystallization techniques. Separation could be achieved by 
rather tedious column chromatography over silica gel with 
chloroform as the eluent. Pure isomer 60a emerged first, to 
be followed by fractions which contained the mixed isomers and 
which represented a considerable portion of the total material, 
prior to the elution of pure isomer 6Ob.
A much more efficient separation of the isomers was 
achieved by the following technique, which apparently depends 
upon complex formation between these sulfilimines and silver 
nitrate. A mixture of 19.15 g (0.0574 mol) of the crude 
mixture of sulfilimine isomers, 60a (55%) and 60b (45%) , ob­
tained from 3-methyl-3-phenylthietane by Method 3 , and 100 ml 
of benzene was stirred for 30 min. The insoluble solids 
were removed by filtration, washed with 150 ml of benzene and 
then recrystallized twice from benzene to give 4.68 g of pure 
isomer 60a. The mother liquors from the above recrystalliza­
tions were combined with the benzene washes and were concen­
trated on a rotary evaporator. The residual gum was taken up 
in 1/1 benzene/chloroform (v/v) and to this was then added 
20 g (0.118 mol) of coarse crystals of silver nitrate. The 
mixture was refluxed for 15 min (some darkening) and then 
stirred overnight at room temperature with protection from
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light. The flask now contained a dark yellow solution in 
which were suspended off-white, finely divided solids, as 
well as the original coarse silver nitrate. The total solids 
were collected and washed with 100 ml of chloroform. A 
minute sample of the formed precipitate was dried, mp 153- 
154°d. The ir spectrum (20864, double mull; Appendix C) of 
this material showed a new absorption at 933 cm  ^ and an 
absence of the absorption at 970 cm which was present in 
the sulfilimine isomer 60a; the comparison of the ir spectrum 
of this adduct with che spectra of the free sulfilimine 
isomers showed that the spectrum of isomer 6 0a was more
similar to the spectrum of the adduct than to that of the
spectrum of isomer 60b.
The remainder of the solids (including the recovered
silver nitrate) was transferred to a flask and was combined
with 300 ml of chloroform, 100 ml of saturated aqueous sodium 
chloride and 200 ml of water. This mixture was stirred vigor­
ously and warmed at 50-60° for 1 hr. Then the mixture was 
cooled to room temperature, filtered from the insoluble 
materials (AgCl), which were washed twice with 50 ml of chloro­
form. The filtrate now consisted of an aqueous phase and a 
chloroform phase. The aqueous phase was washed once with 50 
ml of chloroform and then the combined layers were dried 
(MgSO^) and concentrated bn vacuo to yield 3.51 g of white 
solids. Upon recrystallization from benzene, there was ob­
tained 3.43 g of pure isomer 60a or a total of 8.11 g (77% 
recovery) of isomer 60a in this separation.
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The benzene-chloroform solution remaining after the 
adduct of 60a and silver nitrate had been removed was treated 
similarly with aqueous sodium chloride. The thick gum, which 
was obtained after workup, was recrystallized from a mixture 
of carbon tetrachloride and benzene to give 8.18 g (95% re­
covery) of the pure sulfilimine isomer 60b, mp 114-115°C.
The total recovery of the sulfilimines was 16.29 g (85% re­
covery of the original mixed isomers) and was consistent with 
the indicated isomer distribution as determined from the nmr 
spectra.
Other similar separations seemed to indicate that the 
adduct of 60a and silver nitrate was only formed to a slight 
extent in either pure chloroform or pure benzene and whenever 
the deposited solids did not seem to account for sufficient 
material the mixture was worked up as above and the somewhat 
enriched (in isomer 60b) mixture of sulfilimines was retreated.
Reaction of S-Ethyl-S-phenyl-N-(p-toluenesulfonyl)- 
sulfilimine, 56_, with Silver Nitrate. To a stirred solution 
of 6.15 g (0.0200 mol) of S-ethy1-S-phenyl-N-(p-toluenesulfonyl) 
sulfilimine, mp 98-99°, in 30 ml of benzene and 30 ml of 
chloroform was added in one portion 6.80 g (0.0400 mol) of 
silver nitrate; the flask was then covered to protect the 
contents from light and the mixture was stirred for 2 hr.
After this time the solution was clouded with some precipi­
tate (the precipitate did not always appear at this stage) 
and also contained undissolved silver nitrate. To the reac­
tion mixture was then added 40 ml of chloroform, the mixture
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was warmed slightly to dissolve the bulk of the precipitate 
and then the solution was filtered from the undissolved 
solids. The filtrate was treated with n-pentane until the 
solution became somewhat cloudy, and then this mixture was 
allowed to crystallize in a refrigerator overnight. By 
suction filtration, there was obtained 2.00 g (21% yield as 
a 1: l/56_: silver nitrate adduct) of a white crystalline solid, 
5j5gAgNO^, mp 130-131°, with gas evolution shortly after melt­
ing (apparently NO or NC>2 from odor and appearance of brown­
ish color in capillary mp tube); the melted sample did not 
show discoloration. Comparison of the ir spectrum of 56^ 
(20857, double mull; Appendix C) with that of the solid 
complex, 56_:AgNC>2 (20859, double mull; Appendix C) showed
that a strong band at 972 cm  ^ in 5j5 was absent in 5 6 :AgNO^ , 
which, instead, showed a unique strong band at 906 cm ; the 
spectra also showed other, less pronounced differences.
Anal. Calcd for C^j-H.^AgN20,-(mol wt 477.31) : C, 
37.74; H, 3.59; N, 5.87. Found: C, 37.72; H, 3.64; N, 5.97.
Solution NMR Spectra of 56^  and Silver Nitrate. In a 
similar manner as described above, a solution of 56^ (0.3 g) 
in deuteriochloroform (1.0 ml) was saturated with silver 
nitrate and the nmr spectrum of a sample (0.5 ml) of the 
supernatant liquid was obtained (15011; Appendix C ) ; to the 
nmr sample was then added an equivalent volume of benzene and 
the spectrum was redetermined (15011 B; Appendix C). The 
spectral parameters are listed in Table XIX, together with 
those of 5_6 (14599, CDCl^; 12797 , 0.1 g in 1.0 ml of benzene).
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It should be noted that, although these spectra were deter­
mined with TMS as an internal standard, the presence of TMS 
apparently caused a yellowing of the sample and a deterioration 
of the spectrum. This could be avoided in some cases by 
using TMS-free deuteriochloroform and by the minimization of 
the handling time and of the light exposure time of the sample 
after the TMS had been added to the sample.
3-Methyl-phenylthietane-O-methylsulfoxonium Tetra- 
fluoroborate. Isomer 4 9a. To a stirred suspension of 4.518 
g (0.0305 mol) of trimethyloxonium tetrafluoroborate in 25 ml 
of methylene chloride was added a solution of 5.006 g (0.0278 
mol) of the solid isomer (40a) of 3-methyl-3-phenylthietane- 
1-oxide in 25 ml of methylene chloride. The mixture was 
stirred for 2 hr and then, under the protection of a nitrogen 
blanket, was quickly filtered from the undissolved solids.
The filtrate was treated with 150 ml of anhydrous ether to 
give a precipitated oil which crystallized upon standing.
This solid was separated from the supernatant liquid, was 
briefly dried under nitrogen and then was recrystallized 
from 7 ml of chloroform to give 3.482 g (44% yield) of a 
white solid, mp 113-115°; ir (11603, double mull; Appendix 
C ) ; nmr (10299, CDCl^; Appendix C) 61.81 (s, 3H, C CH ^ ),
4.19 (s, O C H ^ ), 4.19 and 4.78 (d of d, broad, 7H total for 
this absorption and the preceding s, J = 14.0 Hz, CIL, S Cfbj) , 
and 7.31 ppm (m, 5H, C^H^).
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Anal. Calcd for C^^H^^BF^OS (mol wt 282.12): C,
46.83; H, 5.36. Found: C, 47.10; H, 5.61.
Isomer 49b. In a similar manner to the above des­
cribed reaction, 2.917 g (0.0197 mol) of trimethyloxonium 
tetrafluoroborate in 25 ml of methylene chloride was treated 
with 3.232 g (0.0179 mol) of the liquid sulfoxide isomer 
(40b) in 25 ml of methylene chloride. After precipitation 
with ether, the oil, which eventually crystallized, was re­
crystallized from a mixture of 4 ml of chloroform and 7 ml of 
carbon tetrachloride to yield 1.887 g (37% yield) of the 
tetrafluoroborate salt, 49b, mp 80-82°; ir (11604, double 
mull; Appendix C); nmr (10298, CDCl^; Appendix C) 61.74 (s,
3 H , C CH3 ), 4.23 (s, O CH-j), 4.38 and 4.80 (d of d, broad,
7H total for this absorption and the preceding s, J = 13.4 
Hz, CIL, S C H ^ ) , and 7.34 ppm (m, 5H, C^H^).
Anal. Calcd for C 1]LH15BF4OS (mol wt 282 . 12): C, 46. 83 ;
H, 5.36. Found: C, 46.66; H, 5.37.
The Reaction of 3-Methyl-3-phenylthietane-0-methyl- 
sulfoxonium Tetrafluoroborate with Sodium Hydroxide. Isomer 
49b. To 0.507 g (0. 00180 mol) of 49 b , derived from the liquid 
sulfoxide was added 2 ml of 5% sodium hydroxide solution, and 
the mixture was allowed to stand for 2 hr with occasional 
shaking. The precipitated oil was then taken up in methylene 
chloride, dried (MgSO^) and concentrated to give 0.299 g (92% 
yield) of a white solid, mp 82-87°; the nmr spectrum (15837,
CDC13 ) indicated that this material was primarily the solid
sulfoxide with about 5% of the liquid isomer present. The ir
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spectrum (16630, KBr) was entirely consistent with the above 
result.
Isomer 49a. In the same manner, 0. 505 g (0.00179 
mol) of 49a, derived from the solid sulfoxide, gave 0.311 g 
(96% yield) of the liquid sulfoxide, nmr (10361, CDCl^); ir 
(16629, neat), containing about 9% of the solid isomer.
The Quantitative Study of the Reaction of 3-Methyl- 
3-phenylthietane-O-methylsulfoxonium Tetrafluoroborate with 
Sodium Hydroxide. Isomer 4 9a. A solution of the tetra-
fluoroborate salt (3.100 g, 0.01099 mol), 49a (derived from 
the solid sulfoxide), in freshly distilled tetramethylene 
sulfone (sulfolane) was made up exactly to 15.0 ml. Ali­
quots of this solution (2.0 ml, 0.00147 mol of 4 9a) were 
then added, in one portion, to vigorously stirred, previously 
prepared, solutions of sodium hydroxide in water which had a 
varying but known base content; these solutions were prepared 
from a 50% aqueous sodium hydroxide solution and their sodium 
hydroxide content (normality) was obtained from titration 
against potassium acid phthalate with phenolphthalein as the 
indicator. The reaction did not show an appreciable heat 
evolution and after 1 hr each sample was extracted several 
times with methylene chloride, the combined methylene chloride 
extracts being dried (MgSO^) and concentrated in. vacuo on a 
rotary evaporator to give about 0.65 g of an oil (theoretical 
sulfoxide content is 0.265 g which implies about 0.4 g 
sulfolane content). The nmr spectra of these products in­
dicated that the material contained sulfolane and the two
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sulfoxide isomers; the isomer distribution of the sulfoxides 
was determined by careful electronic integrations of the 
scale-expanded spectra (100 Hz) of the thietane ring methyl 
group absorptions. Attempts to separate the sulfoxides from 
the sulfolane were not successful. These experiments are 
summarized below.
It should be noted that similar preliminary experi­
ments in which the solid salt was treated with aqueous sodium 
hydroxide solutions with varying base content also showed a 
similar variation in the product sulfoxide distributions.
The differential equations obtained from the assumed 
rate expressions for this reaction (see Appendix A) were 
solved to give:
40b (sulfoxide with inverted configuration) [H^O]
=   —-— — ----- ■-----------------------------  = A   + B
40a (sulfoxide with retained configuration) [0H~]
A straight-line, least-squares regression plot of 40b/ 40a 
as the dependent variable versus [H20]/[0H ] as the indepen­
dent variable was performed with computer assistance on the 
terminal by the program ***STEPWISE in the UNH computer *** 
library maintained for the users of the computer terminal 
(March, 1973). This plot gave a regression line with a slope 
of 0.16+0. 008, an intercept of 10.4 + 1.1, with a multiple 
correlation coefficient of 0.993.
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Table XXI. Reaction Data for the Reaction of O-Methyl- 
sulfonium Salts (49a) with Hydroxide.
Found % of 4 0a+Avg 
Run Normality Volume of deviation
(Spectrum no.) [OH- ] Solution (Number of integrations)
1 (15762) 0 100 ml about 0
2 (15763) 0.0419 100 ml about 0
3 (15769) 0. 307 50 ml 3.06+0.3 (6)
4 (15770) 0.586 50 ml 4.74+0.1 (6)
5 (15773) 1.21 50 ml 5.76+0.2 (6)
6 (15774) 2. 32 50 ml 6.64+0.4 (8)
7 (15776) 4.58 50 ml 8.39+0.5 (7)
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Table XXII. Reaction Data for the Reaction of O-Methyl- 







Found % of 4 0b Avg 
deviation
(No. of integrations)
1 (15678) 0 100 ml about 0
2 (15750) 0.0419 100 ml about 0
3 (15703) 0. 307 50 ml 3.91+0.2 (5)
4 (15705) 0.586 50 ml 4.87+0.4 (6)
5 (15704) 1.21 50 ml 5.79+0.3 (7)
6 (15715) 2.32 50 ml 7.46+0.6 (6)
7 (15749) 4.58 50 ml 7.74+0.4 (5)
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Isomer 49b. In exactly the same way as above, ali­
quots (2.0 ml) of a 15.0 ml solution of the tetrafluoroborate 
salt (3.100 g, 0. 01099 mol), 49b (derived from the liquid 
sulfoxide) in distilled sulfolane, were allowed to react with 
aqueous solutions of sodium hydroxide. The results of these 
experiments are summarized in Table XXII. The plot of 40a/ 40b 
versus [I^Ol/tOH ] was performed as for isomer 49a previously 
and it gave a regression line with a slope of 0.075+0.008, an 
intercept of 11.6+1.1, with a multiple correlation coefficient 
of 0.982.
Preparation of 3 - (p-Bromophenyl)-3-methylthietane-l- 
oxides. Isomers (41a and 41b) . These sulfoxides were pre­
pared in a way similar to that for 40a and 40b. Thus, 12.5 
g (0.0514 mol) of thietane 9 in 40 ml of glacial acetic acid 
was treated with a solution of 5 ml (0.0550 mol) of 30% 
hydrogen peroxide in 10 ml of acetic acid. The solvent was 
removed in vacuo to give 13.9 g of a thick oil which slowly 
solidified. The nmr spectrum (9623, CDCl^) of this material 
showed the absence of the starting material and indicated 
that it consisted of 3.5% acetic acid, 9.5% of the sulfone 
32 and 87% (91% yield) of the mixed sulfoxide isomers 41a
(<$Me 1-63) and 4lb (<$Me 1.48) in the ratio of 35:65 , 
respectively.
Isomer 41a. The sulfoxide isomers proved to be 
difficultly separable and only 1.8 g of a material with about 
90% content of 41a was isolated after chromatography over 
alumina followed by chromatography over silica gel. This
201
enriched material was recrystallized from a water-isopropyl 
alcohol mixture to give 0.8 g of 41a, mp 79-80°, ir (10381,
KBr; Appendix C); nmr (9754, CCl^; Appendix C) 61.62 (s, 3H,
CH^), 3.23 and 3.92 (d of d, with additional fine structure,
4 H , J = 11.0 Hz, CH2 S CH2 ), 7.08 and 7.42 ppm (d of d, 4H,
J = 8.5 Hz, C CgH^). A small sample was sublimed for analysis.
Anal. Calcd for C ^ H ^ O S E r  (mol wt 259. 17): C,
46.34; H, 4.28. Found: C, 46.60; H, 4.52.
Preparation of 2-Thia-7-methylspiro[3.5]nonane-2- 
oxide (462). This sulfoxide was prepared in a manner similar 
to that for 40a and 40b. Thus, to a cooled solution of 10.9 
g (0.067 mol at 96% thietane content) of thietane 17_ in 40 
ml of glacial acetic acid was added 6.0 ml (0.066 mol) of 
30% hydrogen peroxide over a period of 30 min. After 3 hr 
at room temperature the reaction mixture was concentrated 
in vacuo on a rotary evaporator and distilled to give 9.5 g 
of 4_2, bp 98-101° at 0.2 mm. This material solidified upon 
standing. A 5.0 g portion of this material was recrystallized 
from 20 ml of n-heptane to give 4.2 g of white crystals, mp 
50-51°; ir (9860, KBr; Appendix C ) ; nmr (8414, CDCl^;
Appendix C) 60.56-2.03 (m, 12H, methyl, cyclohexyl) and
2.70-3.81 ppm (m, 4H, C U ^ S C H ^ ) .
Anal. Calcd for C nH 1rOS (mol wt 172.28): C, 62.74;
  9 16
H, 9.36. Found: C, 62.96; H, 9.49.
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3-Methyl-3-phenylthietane-N-p-toluenesulfonylsulfox- 
imine. Isomer 68b. To a stirred solution of 4.30 g (0.0129 
mol) of isomer 68b of 3-methyl-3-phenylthietane-N-p-toluene- 
sulfonylsulfilimine in 30 ml of acetone was added 0.1 g 
(0.00059 mol) of silver nitrate followed by a solution of 
3.00 g (0.0153 mol) of sodium permanganate trihydrate in 
50 ml of water. The mixture warmed slightly and discharged 
the purple permanganate color in about 30 min. An additional 
amount of 1.0 g (0.0051 mol) of sodium permanganate trihy­
drate was added to the reaction mixture and the mixture was 
stirred overnight. The mixture was then poured into 1 liter 
of water and the brown manganese dioxide color was discharged 
by the addition of portions of solid sodium bisulfite to the 
stirred mixture. The solids were filtered off, washed with 
water, and then the solids were extracted several times with 
methylene chloride. The combined methylene chloride washes 
were dried (MgSO^) and concentrated in vacuo on a rotary 
evaporator to yield 4.5 g (4.5 g theoretical yield) of white 
solids. These were recrystallized from a mixture of 350 ml 
of methanol and 25 ml of water to yield 3.00 g (67% yield) 
of isomer 68b of the sulfoximine, mp 190-191°; ir (20377,
KBr; Appendix C); nmr 3235, CDCl^; Appendix C) 61.93 (s, 3H,
C CH3 ) , 2.43 (s, 3H, CgH CH_3 ), 4.70 (d of d, closely spaced, 
4 H , CH2SCH2 ) , and 7.05-8.02 ppm (m, 9H, aromatic).
Anal. Calcd for c ^7H g9N0 3S2 (m°l wt 349.46): C,
58.42; H, 5.48; N, 4.01. Found: C, 58.54; H, 5.51; N, 4.11.
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3-Methyl-3-phenylthietane-N-p-toluenesulfonylsulfox- 
imine. Isomer 68a. The preparation of 68a was similar to 
the preparation of sulfoximine isomer 68b described above. 
Thus, from 6.70 g (0.0201 mol) of isomer 6 8a of 3-methyl-3- 
phenylthietane-N-p-toluenesulfonylsulfilimine there was ob­
tained, after workup, 7.0 g (7.0 g theoretical yield) of 
white solids. Upon recrystallization from benzene, there 
was obtained 5.70 g (81% yield) of isomer 6 8a of 3-methyl- 
3-phenylthietane-N-p-toluenesulfonylsulfoximine, mp 165-166° 
with resolidification and remelting at 174-175°. Investiga­
tion of the two materials with mp 165-166° and mp 174-175°, 
respectively, both by spectroscopy (nmr and infrared) and 
crystallization behavior showed them to be different allo- 
tropic forms of the same compound; ir (10997, KBr; Appendix 
C); nmr (15156, CDCl^; Appendix C) 61.83 (s, 3H, C C H ^ ),
2.40 (s, 3 H , C ,H C H ) , 4.28 and 4.95 (d of d, 4H, J = 14 Hz,
b 4 — 3 —
CH^SCH^), and 7.08-7.92 ppm (m, 9H, aromatic).
Anal. Calcd for C-^H^gNO^S^ (mol wt 349. 46) : C,
58.42; H, 5.48; N, 4.01. Found: C, 58.72; H, 5.48; N, 4.08.
Preparation of S-Butyl-S-methy1-N-(p-toluenesulfonyl)- 
sulfilimine (88_) . Preparation la. To a stirred solution of
3.40 g (0.0121 mol) of Chloramine-T in 25 ml of DMF was added 
in one portion 1.10 g (0.0106 mol) of butyl methyl sulfide 
(6_1) ; the solution warmed to about 35°. After 4 hr, the
mixture was poured into 200 ml of 5% sodium hydroxide. The 
clear solution was stored for 2 days after which time the 
precipitated solids were collected, washed with water and
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dried to yield 1.10 g (38%) of 8_8, mp 87-89°. The mixture 
melting point of the above material with 8j) from Preparation 
2 below was 89-90°.
Preparation lb. The same reaction in 25 ml of 
pyridine with 1.10 g of 6jL showed no obvious heat evolution. 
After 16 hr the reaction mixture was poured into 120 ml of 
3N hydrochloric acid and the mixture was allowed to stand 
overnight. No sulfilimine (88J could be isolated and only 
water soluble products seemed to be present as judged by 
the clear solution.
Preparation 2 . To a stirred and cooled (ice bath) 
solution of 10.40 g (0.100 mol) of 6_1 in 30 ml of DMF was 
added, over a period of 45 min, 110 ml (1.01 M with a 0.111 
mol total haloamide content) of a freshly prepared anhydrous 
solution of Chloramine-T in DMF. The reaction mixture was 
stirred for an additional 15 min and then the reaction mix­
ture was poured with stirring into 1.5 liters of a 2% sodium 
hydroxide solution in which also contained 200 g of dissolved 
sodium chloride. The mixture was allowed to stand overnight 
and then the precipitated solids were collected, washed with 
water and dried to yield 21.0 g (77%) of the crude sulfili­
mine ^8, mp 88-90°. A 16.0 g portion of the abcve material 
was recrystallized from 250 ml of carbon tetrachloride to 
yield 15.5 g of 88, mp 89-90° (lit.110 mp 89-90.5°).
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Preparation of S-Ethyl-S-propyl-N- (p-toluenesulfonyl)- 
sulfilimine (8_9) . This material was prepared in exactly the 
same way as that described for the preparation of 8_8 in 
Preparation lb. Thus, there was obtained 1.40 g (49%) of 
crude 89, mp 103-105° (lit.140 mp 104-105°).
Preparation of S-Ethyl-S-phenyl-N-(p-toluenesulfonyl)- 
sulfilimine (90J. Preparation la. This material was pre­
pared in a similar manner as that described in Preparation lb 
of 8_8 above. Thus, 4.15 g (0. 030 mol) of ethyl phenyl sulfide 
(56) was added to a solution of 10.0 g (0.0355 mol) of 
Chloramine-T in 50 ml of pyridine; the reaction mixture 
warmed slightly. After a 4 hr reaction time the mixture was
worked up as before to give 5.5 g (60%) of a white solid, mp 
14197-99° (lit. mp 98-99°); nmr (14601, CDCl^) was entirely 
consistent with the proposed structure and indicated the 
absence of any other materials. Upon recrystallization from 
a mixture of 30 ml of isopropyl alcohol and 50 ml of water, 
there was obtained 5.0 g of 9_0, mp 98-99°.
Preparation lb. This preparation of 9J3 was anal­
ogous to the preparation of 88^  by the technique described 
under Preparation lb. Thus, from the reaction of 8.30 g 
(0.060 mol) of 5_6 with 20.0 g (0.071 mol) of Chloramine-T 
in 100 ml of DMF there was obtained 14.3 g (78%) of the 
crude sulfilimine 90_, mp 98-99°; nmr (14600, CDCl^) was 
identical to the nmr of 90 from Preparation la.
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Preparation 2 . This preparation of 9J) was similar 
to Preparation 2 described for 8J3. Thus 6.65 g (0.0481 mol) 
of 56_ in 30 ml of DMF was reacted with 50 ml (0.051 mol total 
haloamide content) of a freshly prepared, anhydrous 1.01 M 
solution of Chloramine-T in DMF. Upon workup there was ob­
tained 13.60 g (92%) of 9_0, mp 98-99°; in (20857 , double 
mull) 970 cm  ^ (3=N); nmr (14599, CDCl^) was totally consis­
tent with the proposed structure. The mixture melting point 
of 9_0 from this preparation with recrystallized 9_0 (Prepara­
tion la) was 98-99°.
Reaction of 3-Methyl-3-phenylthietane-l-oxide (40a) 
with Sodium Hypochlorite. To 0.110 g (0.00061 mol) of 40a 
was added 5 ml (about 0.0025 mol of hypochlorite) of a 
commercial sodium hypochlorite solution and the mixture was 
shaken vigorously. Within 15 min the solid sulfoxide 4 0a 
started to liquefy and after about 1 hr solids started to 
form in the liquid mass; after 2 hr the material had totally 
solidified. The mixture was extracted seven times with 5 ml 
portions of methylene chloride, the extracts were dried 
(MgSO^), filtered and concentrated to yield 0.101 g (84%) 
of a white solid, mp 52-54°. The mixture mp of this material 
with the authentic sulfone 31_ was 53-55°.
Reaction of 3-Methyl-3-phenylthietane with Silver 
Nitrate. To a solution of about 100 mg of silver nitrate 
in 0.4 ml of water was added 2 drops of thietane 1_. On 
shaking of this mixture a crystalline precipitate was formed 
which dissolved when the mixture was warmed. Upon cooling,
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the material crystallized from the solution and was then 
collected by filtration. When these solids were washed with 
water the odor of 1_ became apparent and an oil was released 
from the crystalline material.
Reaction of 3-Methyl-3-phenylthietane with Sodium 
Hypochlorite in the Presence of Silver Nitrate. To a stirred 
mixture of 1.64 g (0.010 mol) of thietane 1_ and 1.87 g 
(0.011 mol) of silver nitrate in 10 ml of water (crystalline 
solids formed in the mixture) was added, over a period of 
15 min, 2.0 ml (0.010 mol total hypochlorite) of a commercial 
(bleach) sodium hypochlorite solution. The reaction mixture 
was stirred for an additional 45 min and then it was extrac­
ted several times with chloroform. The combined chloroform 
extracts were dried (MgSO^), filtered and concentrated to 
yield 1.60 g of an oil. The nmr spectrum of this material 
(173, CDC1^) indicated that the product consisted primarily 
of the sulfone 31_ and the unreacted thietane 7_; only minor 
amounts of the two sulfoxides 40a and 40b were present.
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APPENDIX A
Reaction of O-alkoxysulfonium Tetrafluoroborates with Water 
and Hydroxide Anion.
The rate of production of sulfoxide with retained 
configuration may be thought to depend on the second-order 
rates of attack, dependent on the rate constants and the 
concentrations of the reacting species, of water and the 
hydroxide anion on the O-carbon atom of the tetrafluoro- 
borate salt. Analogously, the production of sulfoxide with 
inverted configuration from the same salt would result from 
a similar attack at the sulfur atom where the terms "inverted' 
and "retained" are used to denote the stereochemistry of the 
products with respect to the configuration of the starting 
sulfonium salt. The rate expressions may be set up for these 
competing reactions on the same substrate (eq A-l and eq A-2) 
where [InvJ and [Retj are the concentrations of the product
dt J kS, H20 [Salt][H2OJ + kSj 0R- [Salt][OH ] (A-l )
- k „ ^ [Salt] [Ho0] + k^ - [Salt] [0H~] (A-2)kC, H.O [Salt][H2°] + kC, OH
sulfoxides with inverted and retained configurations, respec­
tively, while [Salt] is the concentration of the O-methoxy- 
sulfonium tetrafluoroborate, e.g. 49a. The meanings of the 
rate constants may be seen from Scheme IV in the appropriate
section of this thesis. If k. u _ is set to be equal to
> 2
220
0 (zero) because no retained configuration was observed in 
pure water, division of eq A-l by eq A-2 gives a time- 
dependent relationship among the constants and variables of 
the above system (eq A-3).
d [Inv] = S ’ H2°






If the [OH ] is regarded as constant, not strictly true for 
the initial points, the above expression may be integrated 
to give eq A-4.
Sulfoxide with inverted configuration
Sulfoxide with retained configuration
ks, h 20 [H20] ks, o h ’
kc, OH [OH ] kc, OH
(A-4)
A plot of the left-hand side of eq A-4 versus [H20]/[OH ] 
should give a straight-line plot with the slope and the inter­
cept of the plot functions of the second-order rate constants. 
The plotted variables are given below in Table A-I. The 
statistics and the slopes and intercepts of these plots are 
given in the Experimental section of this thesis; the signifi­




Regression Plot Data 
Starting [Inv]3 Starting [Inv]3
Salt [Ret] Salt [Ret] [QH~]
49a 10.9 49b 11.9 12.0
49a 14.1 49b 12.4 23.9
49a 16.4 49b 16.3 45.9
49a 20.1 49b 19.5 94.7
49a 31.7 49b 24.6 181.0





The solution of the simultaneous, first-order 
differential equations (eq B-l and eq B-2) which define the 
thermal isomerization-decomposition of the sulfilimine 
isomers (Scheme B-l) represents a rather difficult problem.
= (kx + k3)[A] + k2 [B] (B-l)







decompos it ion 
products
Keq
This may be anticipated from the fact that the system involves
four unknown rate constants and one independent variable. In
addition, the general solution of this system is a sum of two
exponential terms, each of which is a complex function of the
137corresponding rate constants. Attempts at obtaining the
rate constants through the known form of the analytical solu­
tion would involve a very complicated exponential curve- 
fitting procedure.
The rate constants may, however, be obtained in a
223
relatively direct, although involved, manner from the defining 
equations of the system (eq B-l, B-2) when it is recognized 
that the concentrations of both A and B are functions of time. 
Thus, these equations may be formally integrated to give 
eq B-l.l and eq B-2.1, respectively.
dec
decomposed isomers at any given time (eq B-3) and since eq B-4 
is also valid, the equations B-l.l and B-2.1 may be further
modified to forms (e.g., eq B-l.2 and eq B-2.2) which may be 
plotted as straight lines with least-squares regression tech­
niques. The slopes and the intercepts of these regression 
lines will be simple functions of the various rate constants 
to be interpreted as soon as a specific sulfilimine isomer 







If F, is defined to be the concentration of the total un-













~ (kl + k2 + ti
ti






ti + k (B2.2)
Most methods of numerical analysis require evenly
spaced data points, either for the convenience of the opera­
tions or as a direct requirement of the technique. Our 
available data, which was not evenly spaced, was, therefore, 
modified to fit this form. The sulfilimine isomer concen­
trations were plotted versus time; the resulting curves were
138
smoothed locally with a least-squares approximation , and 
then evenly spaced values of concentration versus time were 
read from the resulting graphs. Obviously, these plots 
represent the functional dependence of concentration with 
time; and, therefore, the integrals of the area under the
The numerical integrations were performed over 5-min inter-
139
vals by the parabolic rule, a form of Simpson's rule , 
starting with t equal to 5 min. The integrals for the experi­
mental values of time which were not divisible by 5 were ob­
tained by interpolation between the 5 min intervals. The
the given limits, 5 min to t ^  This function, representing 
the average amounts of sulfilimines left after a given heating
curves are precisely the expressions
F, (t)dt was obtained by integrating (l-0.00138t) between
225
period, can be regarded as a smoothed decomposition function; 




values of all of the runs. Finally, the AA 
are simply the changes in the isomer content between two 
times, and these values were used both as the actually ob­
served concentration changes or else were obtained from the 
smoothed concentration-time plots and as such may also be 
regarded as being smoothed. These data are summarized in 
Table B-Ia and Table B-Ib.
Least-squares regression plots were perfomred as 
described previously and gave the rate constants. These data 
are summarized below in Table B-IIa and Table B-IIb.








Fd e c « dC
15 0.109 -0.119 0.108 1.33 8.53 9.86
24 0.139 -0.158 0.182 3.36 15.27 18.63
30 0.203 -0.240 0.218 5.03 19.38 24.40
30 0.215 -0.232 0.218 5.03 19.38 24.40
35 0.240 -0.270 0.236 6.56 22.63 29.18
50 0.236 -0.340 0.248 11.43 31.87 43.30
50 0.245 -0.326 0.248 11.43 31.87 43.30
57 0.260 -0.301 0.243 13.78 36.01 49.78
60 0.222 -0.280 0.246 14.78 37.76 52.54
65 0.260 -0.308 0.239 16.44 40.67 57.11
75 0.223 -0.397 0.243 19.74 46.40 66.13
84 0.249 -0.340 0.231 22.68 51.46 74.14
90 0.236 -0.307 0.226 24.63 54.78 79.41
95 0.220 -0.390 0.225 26.24 57.52 83.76
105 0.237 -0.361 0.218 29.45 62.92 92.37
aAbsolute change in sulfilimine concentrations between indicated time limits, obt
from the original data.
^Smoothed change in sulfilimine concentrations between indicated time limits, obt.




Table B-Ib. Starting sulfilimine isomer 60b, with A=0 and B=1 at t=0
time
(min)
II III IV V VI VII









J B(t)dt , 
5 5Fdec^>dt
15 0.171 -0.252 0.169 2.34 7.52 9.86
24 0.227 -0.252 0.226 6.61 12.01 18.63
30 0.251 -0.270 0.266 9.32 15.08 24.40
30 0.294 -0.211 0.266 9.32 15.08 24.40
35 0.273 -0.332 0.283 11.67 17.51 29.18
50 0.317 -0.374 0.321 19.32 23.98 43.30
50 0.316 -0.368 0.321 19.32 23.98 43.30
57 0.350 -0.452 0.331 23.10 26.68 49.78
60 0.395 -0.431 0.331 24.74 27.80 52.54
65 0.340 -0.403 0.329 27.48 29.63 57.11
75 0.331 -0.423 0.329 32.92 33.21 66.13
84 0.295 -0.474 0.330 37.79 36.35 74.14
90 0.378 -0.457 0.329 41.03 38.38 79.41
95 0.332 -0.445 0.327 43.71 40.05 83.76














between indicated time limits, obtained
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Table B-IIa. Rate Constants of Sulfilimine Isomerizations
(The source data were taken from Table B-Ia)
(k^ -f k2 + k^) k^ (k2 + k^)
Regression plot 1 2  1 2  1 2  Correlation
variables3 (min ) x 10 (min ) x 10 (min ) x 10 coefficient
_ii to J L  (4.6 ±0.3) 1.7
"vii t0 vYf (4'6 ±  °'3) 2 '8
0.969
vIT Vii (5.1 ±0.2) 1.9
0.989
to ^  (5.1 + 0.2) 3.2
These entries are the column numbers of the dependent and independent variables,
respectively, taken from the appropriate table.
Table B-IIb. Rate Constants of Sulfilimine Isomerizations
(The source data were taken from Table B-Ib)
(k^ + k£ + k^) (k^ + k^)
Regression plot 1 2  1 2  1 2  Correlation
variables3 (min ) x 10 (min ) x 10 (min ) x 10 coefficient
" v n  to r a  (4-7 ±  °'2) 2 -9
"v YT 1:0 v n  (4'7 ±  °'2> U 9
0.989
VIT to v n  (4.8 + 0.1) 2.9
0.999
_ I |  to -21 (4.8 ±0.1) 1.9
These entries are the column numbers of the dependent and independent variables,
respectively, taken from the appropriate table.
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The above analysis suggests that the best values for
-2 -1
the rate constants are k=(1.9 + 0.2) x 10 min , (3.2 + 
- 4 - 10.3) x 10 sec for the rate constant of 60a -> 60b, and
k2 = (2.9 + 0.1) x 10 2 min \  (4.8 + 0.2) x 10 ^ sec  ^as
the rate constant for 60b -> 60a . The rates of decomposition
of the sulfilimine isomers fall into the ranges of the errors
of the analysis and therefore cannot be factored out.
Apparently, the rate constants for the decomposition of the
sulfilimine isomers, represented as a sum, are approximately
-2 -1
bounded by 0.3 x 10 min (k^ + k^).
231
APPENDIX C 









')F R E Q U E N C Y
3-Methyl-3-phenyl-thietane (7)











J U D S O f l  B IG f .L O W ,  INC.CM
LU
700 600800 5001300 1100 10001200
')CM
iV v
3- ( p - B r o m o p h e n y l ) -3-raethylthietane (9 )
2.0 3.0 4.0 5.0 PPM(T) 6.0 7.0 8.0 9.0 TO
>~r->
500 400 200300 100
i~n i^ i.flo r^“
3 - (p-Bromophenyl)-3-methylthietane (9)




3.0 4.0 7.0 9.06.0 6.0
> - h >100000 :oo
J  Ul .. /.aAAa
.Preparation 2
'------ -',^-^,-,-^-.---7--,aAJU — ■*
3 - Phenyl-3- (-2-propyl) -thietane (10)













800 700 600900 5001000 4110012001300
FPEOUTNCY ICM ')
3-Methyl-3-nitrothietane (12)
5.0 6.0 7.0 8 0 9.0 0 ^
r i ■ » " ]■ i ■ i 1 i 1 »■ i 1 i i1 " i 1 i 1 [ " i 1 'i m  1 i 1 [ 'i v  i -vT— i ■ » ■ t - ' - i—-> i 1 ; 1 i ■ > 1 r ■ i 1 i • 'r ■ i 1 i ! | ■ ; 1 i ■ > 1 i 1 ■ 1 i . i ■ i ■ i 1 ■■n 1 ■ i i ■{■■■-r -  i »
-----------------:----------------------     1-  1---1" -  ■ I-1 1    ------ ---1-----------------1-------------    1-------------    1-------- !-------- 1-----------------    1--------1----------------- 1----:-------- - -----------1----------------
300 200 100
3-Methyl-3-nitrothietane (12)



































800 700 600 5009001100 100012001300
F R E Q U E N C Y  (Cm  ')
2-Thiaspiro[3.5]non-6-ene (13)
y\





















A B S O R B A N C E




















































































ffA < C M ’)
2-Thia-5methylspiro[3.5]nonane (15)
, I, M l, r  y...., , , , , 1 ,,-p »v . ■, I, i'-v i  ■ * ' ' I '
' " 1----
I T-T't— I— ; T—I—n  | ITTT' J, u.
>-H-^
5 co 4 00 3.00 2 00
U)







































8001100 700 6001000 900 5001300 1200
fRfOUENCY K M
2-Thia-6-methylspiro[3.5]nonane (16)
rPM3 00 2 005.00 ! 00
 J__________



































500800 700 600 4900100011001300 1200
FREQUENCY (CM 'j
2-Thia-7-methylspiro [3.5'J nonane (1_7 )
ppm i r) 6.0 9.05.0 7.0 8.0
200300 Hr








F R E Q U E N C Y  (C M  ')







U J • I
1-0
2000000 250000





F R E Q U E N C Y  (C M  ')
1100 100012001300
2-Phenyl-2 - (2-propyl) -propane-1, 3-diol (26 )■
2.0________________ TO________________ 4^0________________ 5.0 PPM(T) 6.0________________ 7$________________ OS_________'_______9,0_________________1*0
 1--,. : , i ■ i ' ' - !- ■ ■ ■ ',■■ - ..‘ t ■ ■ ■
1000
I >—’> •
:0 9  400 300 200 100 0 1
103
 2=Ehenylr2- (2-propyl)-p ropaneiJL^diol... 42.6 )












F R E Q U E N C Y  (C M - ’)
110012001300
2 - ( p - B r o m o p h e n y l ) - 2 - m e t h y l p r o p a n e - l ,3-diol (27)










2- (£-Bromop^ienyl) -2-methylprog>ane-l, 3-d^Lol (27)
>-H>
T
























■****'• frVWo.. •*«/■* nvm’* * a*r*tfsr








(i)'-!-') i,-; .. •; ■ < (,_fl ■) juo:,o:j nir.i.i ovv. u-.c
0-0
LLI
6007008001300 1100 1000 900
F R L Q U F N C Y  (C M  ')
1200
3- (p-Bromophenyl) -3-methylthietane 1/1 dioxide (3_2_)
5.0 PPM (r)___6.0














600 5001100 1000 900 S'

















f i <  DUlTJCY (cm ')
1100 10001300 1200
3-Phenyl-3- (2-propyl) -thietane-1,1-dioxide .(34)
3.0. 50 PPM ID 6.0
ac: i
" ; ' "
, j !/ V \
J
3

























i _  :_____   L
4000
fAfCuiNCr ;Cm  ')
2-Thia-5-methylspiro[3.5]nonane-2,2-dioxide (36)
t ! I I I I 1 I I I I— |— I— I— I— I— ]— I— I— '— !— I— !— i— I— !— I— :— !— :— I— I— !— !— :— i— i— !— i— i— i— |— i— |— i— :— |— r

























































































700 600 500800 •11100 1000 9001200
2-Thiaspiro[3.5]non-6-ene-2,2-dioxide (39)








'S*-.   .... .i, I    --- -

















3-Methyl-3-phenyl-l_oxide Isomer 4 0a
7.0 9.0
1 rfl~ * | '*** ■uW«rM*ii~»irjynr ■ n0 wfri4jf.'|j_~J| .
3-rM^thyl-3-(phenylthietane-l-ojiide Isomer 4 0b
■ 1 ‘-1- | ) 1 1 ' r •■*' ■*■■ •1 ■••!-■ 1 ‘ '—  ■ ‘ !   1----- - -:— .
___________ I_________ -i______ _-1—  .... .. i . . i ... . -j__________  [— _










j u r o o N  a 'C . E L O w .  in c .')1
0-0
LU
1100 1000 900 800 700 600 c;00 4:>
f k w l n c y  (c m -1)










3 - ( p - B r o m o p h e n y l )- 3 - m e t h y l t h i e t a n e - 1 - o x i d e  Isomer 41a
5.0 PPM {T ) 6.0
3j- (£-Bromo^>henyl) -3-methylthiptane-l-ojpde Isomer
I ... . I . . . i . . . I . . . i . .' . 1 . '. . ■ . . . 1 . . .' . i . .~










700 600800 500900 41 100 100012001300
fPfQi;‘N C V  (Cm  ')
2-Thia-7-methylspiro [3 . 5] nonane-2-oxide (42_>
f-r-r i - I- !
- r - i - n j..
:
I . . . i
! .! :
. j. ._ : : . . ■ ■
’. ..... - : • ; 
r r i  i
••• t...1 • ! . T ! ' ;H
■






L " " -
■10!











;i'CO 30l0 2000 1000 
j u i >s o ;i Birr.L.vj'V. H jC
3-Methyl-3-phenylthietane-0 -methylsulfoxonium Tetrafluoro- 
borate Isomer 4 9a
1-0
C O S00600700800900




 ^ , i i - W y  4 .~ A ^
2trafluoroborate Isomer 49a 
_l_l_ L_ j  i i . i . i . i ; i . : 1 i i l _
!CKvO JA^Ar-J











f R C Q U C N C Y  (C M  ')
1000110012001300
3-Methy1-3-phenylthietane-O-methylsulfoxonium Tetrafluoro- 




























F R E Q U E N C Y  (C M  ’ )
2000 1500





FRE Q U E N C Y  (CM-')
10001100i 2001300
















FR E Q U E N C Y  |CH ')
2000 1500
J U D S O N  B I G E L O W .  INC
•40
700 600800900 5001000 4'1200 11001300
FRfcO'J'-MCY (CM ')
Silver N i t r a t e  C o m p l e x  w i t h  56^ (56:AgNO^
ppm (r)





PPM  ( T )5.0 6.0 7.0 8.0 9.0
>-H>
CPS300 100200
I  ^ Solution |Spectrum of 156  ^an<3 AgNO^j ijn Chlorofojr:m-B e n z e n e



























3 ^eth^1[~3~^henylth|le;tan^~N~ (pj"toluenesulfonvJ- );~SiU-Lf:irI:i-m ine I s o ^ r &Qa  __ 1---- j--------- - ----------























PPM(t ) 8.0 9.04.03.0 7.02.0 6.0
1000
i X 300 100




















FR E Q U E N C Y  (C M  ')
1000110012001300











4000 ~ 3 S 0 ’0 3000 2S00 2000 1300








S-^p-Bromopheriyl)-3-metnylt h i e t a n e - N - ( p - t o l u e n e s u l f o n y l ) - s u l f i l i n i n e  ifcomer 63a


































. 7 : 1'
















1300 1200 1100 1000 900 800
FREQ'JILNCY (CM ')
700 600 500 41
3 - ( p - B r o m o p h e n y l )- 3 - m e t h y l t h i e t a n e - N - ( p - t o l u e n e s u l f o n y l !
sulfiliraine Isomer 63b
r3-.(p-Brompp^enYl) -3-methylthietane-N- (p-toluenes












J U D I i O N  B I G E L O W .  INC.FR E Q U E N C Y  \ C M ' )
LiJ
6007001300 1200 1000 5001100 900 800 4'
F R E Q U l NCC ( c m  ')
2 - T h i a s p i r o [3.5]n o n a n e - N -  ( p - t o l u e n e s u l f o n y l )- s u l f i l i m i n e  (66)
2J“.Th^ak'P’i;^ 0 13.5] nonane-N- (p-toluenesulfonyl) -sulfilimine (66 )
297
299
F R C Q 'J F N C V  [ C M  ')
3-Methy1-3-pheny1thietane-N-(p-toluenesulfonyl)sulfoximine
Isomer 68a









LL a  r\< •4 0
2500 150030004000




F R E Q U E N C Y  ( C M ‘ |
1000110012.001300
3—Methyl—3-phenylthietane-N— (p-toluenesulfonyl) sulfoximine 
Isomer 68b
r*

























■.....  ’" ‘ ^ -TRlaspiro [3. 5] nonane-N- (p-toluenesulfonyl)-sulfoximine (69)
305
u j - 2 0
co
C X  j -------
4000 3000
j-j joiti iv.v >\-r . N - Y
0-0
-60
700 600 500800000 




2,0.______________io______________AJ______________ 5.0 PPM !7l 6.0  7.0 8.0______________%0______________ fo



















f e l q u f n ' y  ( c m  ’ }
00
BOO900
F R E Q U E N C Y  (C M  ’)
1000110012001300
Dibenzenesulfonate Ester of 2-Methyl-2-phenylpropane-l,3-diol
300 200 ! 00
    .... ^
D^benzenesulfonate Ester of 2-Methyl-2-phenylproE>ane-l, 3-diol
I ! . 1 1  I . ~ I i - - - , - - - -  t '








J I J D 5 0 N  B I G E L O W .  INC
o-o
LLl
700 600800 5001100 1001300 1200
')FR = Q U I  N C Y  (C M
Dibenzenesulfonate Ester of 2 - (p-Bromopheny1)-2-methylpropane-
1,3-diol
2.0 3.0 4.0 5.0 P P M (T ) 6.0 7.0 8.0 ' 9.0 1*0





Dibenzene sulfonate Ester of 2"-'(p^Bromophenyl) -2-methy lpropane-1, 3-diol




v v ^ H t y wv^v^'1
Dibenieiie sulfonate Ester of 2-Phenyl-2-(2-propyl)-1, 3-propane diol
, i  >










f - f iE Q U E N C Y  (C M  ')
1000110012001300













F R C Q U i . l iC Y M
Dibenzenesulfonate Ester of 2-Phenylpropane-l,3-diol
5.0 PPM [r\ 6.0 7.04.0 9.0
3C0
I . :V'/i/vSVvlf7'/ ]
pibenzenesulfdnate jEster of 2-Phenylppopane-l r 3*-diol
4.0 2.0 1.06.07.0 5.0
315
° °  1300 1300 1100 1000 900 800 700 600 800 4
F R E Q U E N C Y  (C M  ')

















700 600900 8001200 1100 10001300
’)F R E Q U E N C Y  (C M
Dibenzenesulfonate Ester of 2-Methylcyclohexane-l,1-dimethanol
6.0 7.0 9.0










F R E Q U E N C Y  (C M  '|
100011001300 1200 J U
Dibenzenesulfonate Ester of 3-Methylcyclohexane-l,1-
dimethanol
.13. 7-0
D|ibenzenesijilfonate Elster of 3-Methylcycplohexane^l, 1-dimethanol







O ' J  —
4000 20 00






F R E Q U E N C Y  (C M  ')
10001200 11001300




i [  , < $  J'-5  <rO




’ • ! 1 r
•^t r \ y d f l
Solution with 3-Methyl-3Crude Reaction Product of Anhydrous Chloramine-T 
nitrothietane





Cxujde. Re^Qtij-on Pr.odudt of Anhydrous Chloramine-T Solution with 3-Methyl-3-(2-propyl)-thietane
'■ . I ■ i". i~ ; . I ■ I VI ■ j i ■ I . I : I , 1 ■ 1. ' , 1 :.i— I ■ L-:._l . i — L. L-L^l-1 . i ! i L_i— _ j— L^ _f— l., i , r .  i . 1— J
JAPAN C'.EC rRCN O!’*:-,:: i 'C VO A'.im
324
